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EXECUTIVE  SUMMARY 

This  report  presents  the  results  of  a  treatability  study  (TS)  performed  by  Parsons 
Engineering  Science,  Inc.  (Parsons  ES)  at  Site  ST-24,  Columbus  Air  Force  Base, 
Mississippi,  to  evaluate  remediation  by  natural  attenuation  (RNA)  of  dissolved  fuel- 
hydrocarbons  in  groundwater.  The  TS  focused  on  the  fate  and  transport  of  dissolved 
benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX)  in  the  shallow  groundwater  at  Site 
ST-24.  No  mobile  light,  non-aqueous-phase  liquid  (LNAPL)  or  residual  LNAPL  above 
the  water  table  was  observed  at  Site  ST-24.  Samples  also  were  analyzed  for  dissolved 
chlorinated  solvents;  however,  the  presence  of  dissolved  chlorinated  solvents,  detected 
during  a  previous  sampling  event,  was  not  confirmed.  The  site  history  and  the  results  of 
the  soil  and  groundwater  investigations  conducted  previously  also  are  summarized  in  this 
report. 

Comparison  of  BTEX,  electron  acceptor,  and  biodegradation  byproduct  isopleth  maps 
for  ST-24  provides  strong  qualitative  evidence  of  biodegradation  of  dissolved  BTEX 
compounds.  These  geochemical  data  strongly  suggest  that  biodegradation  of  dissolved  fuel 
hydrocarbons  is  occurring  at  the  site  via  aerobic  respiration  and  the  anaerobic  processes  of 
denitrification,  iron  reduction,  sulfate  reduction,  nitrogen  fixation  and  methanogenesis. 
Redox  conditions  and  site  geochemical  parameters  suggest  that  the  dominant  natural 
attenuation  mechanism  is  nitrogen  fixation.  Patterns  observed  in  the  distribution  of 
hydrocarbons,  electron  acceptors,  and  biodegradation  byproducts  further  indicate  that 
biodegradation  is  reducing  dissolved  BTEX  concentrations  in  site  groundwater. 

An  important  component  of  this  study  was  an  assessment  of  the  potential  for 
contamination  in  groundwater  to  migrate  from  the  source  areas  to  potential  receptor 
exposure  points  (i.e.,  beneath  Base  housing  located  to  the  west  of  Site  ST-24).  An 
analytical  model  was  used  to  evaluate  the  fate  and  transport  of  dissolved  BTEX  in  the 
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shallow  groundwater  under  the  influence  of  advection,  dispersion,  sorption,  and 
biodegradation.  Input  parameters  for  the  model  were  obtained  from  site  data  collected  by 
Parsons  ES.  Model  parameters  that  were  not  measured  at  the  site  were  estimated  using 
reasonable  literature  values. 

The  results  of  this  demonstration  suggest  that  RNA  of  dissolved  BTEX  contamination  is 
occurring  at  Site  ST-24;  furthermore,  the  estimated  rates  of  biodegradation,  when  coupled 
with  sorption,  dispersion,  and  dilution,  should  be  sufficient  to  reduce  and  maintain 
dissolved  BTEX  concentrations  to  levels  below  current  regulatory  guidelines  long  before 
potential  downgradient  receptors  could  be  adversely  affected.  Conservative  modeling 
suggests  that  under  current  conditions,  the  dissolved  BTEX  will  not  migrate  beyond  the 
current  plume  extent,  and  dissolved  BTEX  contamination  throughout  the  plume  will  be 
reduced  by  85-percent  by  the  year  2027.  Future  site  activities  will  not  change,  and  the  risk 
to  any  Base  personnel  would  be  minimal,  provided  institutional  controls  for  soil  and 
groundwater  are  maintained.  Institutional  controls  such  as  restrictions  on  shallow 
groundwater  use  at  the  site  would  prevent  completion  of  receptor  exposure  pathways  until 
RNA  is  complete.  The  Air  Force  therefore  recommends  implementation  of  RNA  and 
long-term  monitoring  (LTM)  with  institutional  controls. 

To  verify  model  predictions,  and  to  ensure  that  the  selected  technologies  are  meeting 
objectives,  the  Air  Force  recommends  using  7  LTM  wells  and  3  sentry  wells  to  monitor 
the  long-term  migration  and  degradation  of  the  dissolved  BTEX  plume.  In  addition  to 
analyses  used  to  verify  the  effectiveness  of  RNA,  the  groundwater  samples  should  be 
analyzed  for  BTEX  compounds  by  US  Environmental  Protection  Agency  (USEPA)  Method 
SW8020.  If  data  collected  under  the  LTM  program  indicate  that  the  selected  remedial 
system  is  not  sufficient  to  reduce  BTEX  concentrations  at  downgradient  well  locations  to 
levels  considered  protective  of  human  health  and  the  environment,  additional  corrective 
actions  may  be  required  to  remediate  groundwater  at  the  site. 
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SECTION  1 

INTRODUCTION 


This  report  was  prepared  by  Parsons  Engineering  Science,  Inc.  (Parsons  ES),  and 
presents  the  results  of  a  Treatability  Study  (TS)  conducted  to  evaluate  remediation  by 
natural  attenuation  (RNA)  of  fuel-hydrocarbon  contaminated  groundwater  at  the  former 
Army  and  Air  Force  Exchange  Services  (AAFES)  Station  (Site  ST-24)  at  Columbus  Air 
Force  Base  (AFB),  Mississippi.  The  main  emphasis  of  the  work  described  herein  was  to 
evaluate  the  effectiveness  of  natural  attenuation  mechanisms  in  reducing  dissolved  fuel- 
hydrocarbon  concentrations  in  groundwater. 

As  used  in  this  report,  RNA  refers  to  a  management  strategy  that  relies  on  natural 
attenuation  mechanisms  to  remediate  contaminants  dissolved  in  groundwater  and  to  control 
receptor  exposure  risks  associated  with  contaminants  in  the  subsurface.  The  United  States 
Environmental  Protection  Agency  (USEPA)  defines  natural  attenuation  as  (Wilson,  1996): 

The  naturally-occurring  processes  in  soil  and  groundwater 
environments  that  act  without  human  intervention  to  reduce  the 
mass,  toxicity,  mobility,  volume,  or  concentration  of  contaminants 
in  those  media.  These  in-situ  processes  include  biodegradation, 
dispersion,  dilution,  adsorption,  volatilization,  and  chemical  or 
biological  stabilization  or  destruction  of  contaminants. 

As  suggested  by  this  definition,  mechanisms  for  natural  attenuation  of  benzene  and  other 
organic  compounds  include  advection,  dispersion,  dilution  from  recharge,  sorption, 
volatilization,  and  biodegradation.  Of  these  processes,  biodegradation  is  the  only 
mechanism  working  to  transform  contaminants  into  innocuous  byproducts.  Contaminant 
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destruction  occurs  through  biodegradation  when  indigenous  microorganisms  work  to  bring 
about  a  reduction  in  the  total  mass  of  contamination  in  the  subsurface  without  artificial 
intervention  (e.g.,  the  addition  of  nutrients).  Patterns  and  rates  of  natural  attenuation  can 
vary  markedly  from  site  to  site,  and  within  a  single  contaminant  plume  at  a  given  site, 
depending  on  governing  physical  and  chemical  processes. 

1.1  Scope  and  Objectives 

Parsons  ES  was  retained  by  the  United  States  Air  Force  Center  for  Environmental 
Excellence  (AFCEE)  Technology  Transfer  Division  to  conduct  site  characterization  and 
groundwater  modeling  to  evaluate  the  scientific  defensibility  of  RNA  with  long-term 
monitoring  (LTM)  as  a  component  of  remediation  for  contaminated  groundwater  at 
Columbus  AFB.  The  primary  objective  of  this  project  was  to  determine  whether  natural 
attenuation  processes  for  fuel  hydrocarbons  are  occurring  in  groundwater  at  the  site.  These 
objectives  were  accomplished  by: 

•  Reviewing  previously  reported  hydrogeologic,  soil,  and  groundwater  data  for  the 
site; 

•  Conducting  supplemental  site  characterization  activities  to  determine  the  nature  and 
extent  of  soil  and  groundwater  contamination; 

•  Collecting  geochemical  data  in  support  of  RNA; 

•  Developing  a  conceptual  hydrogeologic  model  of  the  shallow  saturated  zone, 
including  the  current  distribution  of  contaminants; 

•  Evaluating  site-specific  data  to  determine  whether  natural  processes  of  contaminant 
attenuation  and  destruction  are  occurring  in  groundwater  for  dissolved  concentrations 
of  fuel  hydrocarbon  compounds  at  the  site; 
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•  Designing  and  executing  an  analytical  groundwater  flow  and  contaminant  fate  and 
transport  model  for  site  hydrogeologic  conditions; 

•  Simulating  the  fate  and  transport  of  benzene,  toluene,  ethylbenzene,  and  xylenes 
(BTEX)  in  groundwater  under  the  influence  of  biodegradation,  advection,  dispersion, 
and  adsorption  using  the  calibrated  flow  and  transport  model; 

•  Evaluating  a  range  of  model  input  parameters  to  determine  the  sensitivity  of  the 
model  to  those  parameters  and  to  consider  several  contaminant  fate  and  transport 
scenarios; 

•  Determining  if  natural  processes  are  sufficient  to  reduce  dissolved  hydrocarbon 
plume  expansion  so  that  water  quality  standards  can  be  met  at  a  downgradient  point 
(sentry  well  location); 

•  Developing  remedial  action  objectives  (RAOs)  and  reviewing  available  remedial 
technologies; 

•  Using  the  results  of  modeling  to  recommend  the  most  appropriate  remedial  option 
based  on  specific  effectiveness,  implementability,  and  cost  criteria;  and 

•  Providing  a  LTM  plan  that  includes  LTM  and  sentry  well  locations  and  a  sampling 
and  analysis  plan. 

The  field  work  conducted  under  this  program  was  oriented  toward  collecting  the 
supplementary  hydrogeological  and  chemical  data  necessary  to  document  and  model  natural 
attenuation  mechanisms  currently  operating  at  the  site.  During  November  1996,  site 
characterization  activities  included  use  of  the  Geoprobe®  direct-push  technology  for  soil 
sample  collection  and  temporary  monitoring  point  installation;  aquifer  testing;  and 
sampling  and  analysis  of  groundwater  from  temporary  groundwater  monitoring  points  and 
previously  installed  monitoring  wells.  Much  of  the  hydrogeological  and  groundwater 
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chemical  data  necessary  to  evaluate  RNA  were  available  from  previous  investigations 
conducted  at  this  site,  from  other  sites  with  similar  characteristics,  or  from  technical 
literature. 

Site-specific  data  were  used  to  develop  an  analytical  fate  and  transport  model  for  the  site 
to  evaluate  processes  of  natural  attenuation.  The  modeling  effort  was  used  to  simulate  the 
movement  of  dissolved  BTEX  in  the  shallow  saturated  zone  under  the  influence  of 
biodegradation,  advection,  dispersion,  and  sorption.  Results  of  the  model  were  used  to 
assess  the  potential  for  completion  of  other  exposure  pathways  involving  groundwater  and 
to  determine  whether  RNA  with  LTM  is  an  appropriate  and  defensible  remedial  option  for 
contaminated  groundwater.  The  modeling  results  will  be  used  to  provide  technical  support 
for  RNA  with  LTM  remedial  option  during  regulatory  negotiations,  as  appropriate. 

This  report  contains  nine  sections,  including  this  introduction,  and  five  appendices. 
Section  2  summarizes  site  characterization  activities.  Section  3  summarizes  the  physical 
characteristics  of  the  study  area.  Section  4  describes  the  nature  and  extent  of  soil  and 
groundwater  contamination  and  the  geochemistry  of  soil  and  groundwater  at  the  site. 
Section  5  describes  the  fate  and  transport  model  and  design  of  the  conceptual  model  for  the 
site,  lists  model  assumptions  and  input  parameters,  and  describes  the  sensitivity  analysis. 
Section  6  presents  a  comparative  analysis  of  remedial  alternatives  and  model  results. 
Section  7  presents  the  LTM  plan  for  the  site.  Section  8  presents  the  conclusions  of  this 
work  and  provides  recommendations  for  further  work  at  the  site.  Section  9  lists  the 
references  used  to  develop  this  document.  Appendix  A  contains  Geoprobe®  borehole  logs, 
monitoring  point  installation  records,  and  slug  test  results.  Appendix  B  presents  soil  and 
groundwater  analytical  results.  Appendix  C  contains  model  input  and  output.  Appendix  D 
contains  calculations  for  remedial  option  design  and  costing. 
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1.2  Facility  Background 

Columbus  AFB  is  in  northeastern  Mississippi,  in  the  northwestern  portion  of  Lowndes 
County  (Figure  1.1).  The  Base  covers  approximately  4,411  acres  in  a  lightly  urbanized 
area  10  miles  north  of  Columbus,  Mississippi.  Columbus  AFB  was  initially  activated  on 
February  9,  1942  as  a  pilot  training  facility.  It  was  closed  in  1946  and  remained  inactive 
until  1951,  when  it  was  reopened  as  a  contract  flying  school  operated  by  California  Eastern 
Airways,  Inc.  On  April  1,  1955,  the  United  States  Air  Force  (USAF)  Air  Training 
Command  (ATC)  transferred  the  Base  to  the  Second  Air  Force  of  the  Strategic  Air 
Command  (SAC).  An  active  building  program  was  instituted  by  SAC  to  prepare  the  Base 
for  its  mission  as  the  home  of  a  B-52  squadron  and  a  KC-135  tanker  squadron,  both  of 
which  arrived  in  1959.  ATC  regained  jurisdiction  of  the  Base  on  July  1,  1969.  The 
current  training  missions  at  Columbus  AFB  require  the  use  and  maintenance  of  T-l,  T-37, 
T-38,  and  AT-38  training  aircraft.  ATC  became  the  Air  Education  and  Training 
Command  (AETC)  on  July  1,  1993.  Base  Realignment  and  Closure  (BRAC)  decisions  in 
1991,  1993,  and  1995  continue  to  impact  the  mission  and  structure  of  the  Base  (Spencer, 
1996b). 

Site  ST-24,  the  former  AAFES  Service  Station,  is  located  east  of  Independence  Avenue 
between  First  and  Second  Streets  in  the  central  portion  of  the  Base  (Figure  1.2).  The  site 
contained  three  10, 000-gallon  underground  storage  tanks  (USTs),  three  fueling  islands,  and 
distribution  lines  for  the  refueling  of  privately  owned  vehicles.  The  USTs  contained 
leaded,  unleaded  regular,  and  unleaded  premium  gasoline.  The  facility  also  had  an  oil 
UST  that  reportedly  leaked.  On  December  10,  1988,  the  gasoline  USTs  failed  a  tightness 
test,  and  subsequently  were  taken  out  of  service.  All  four  USTs  and  associated  piping 
were  removed  in  1989.  Based  upon  the  analyses  of  soil  samples  taken  in  the  area  of  the 
former  USTs,  Parsons  ES  has  assumed  that  all  of  the  contaminated  soil  was  removed  from 
this  area  to  just  above  the  water  table;  however,  this  has  not  been  documented. 
Contamination  from  the  oil  tank  was  observed  during  the  UST  removal,  but  all  of  the  oil- 

1-5 


I:\PROJECTS\72969  l\COLUMB\24RNATS\2.DOC 


1-6 


1-7 


DRAFT 


contaminated  soil  was  not  removed  at  that  time  (Spencer,  1996b).  In  May  1993,  the 
remaining  oil-contaminated  soil  was  removed  by  the  US  Army  Corps  of  Engineers 
(USACE)  (CH2M  Hill,  1995).  The  site  has  been  restored,  and  is  currently  an  open  grassy 
field;  there  is  no  surface  evidence  of  the  former  service  station.  There  are  currently  nine 
groundwater  wells  located  in  the  immediate  vicinity  of  Site  ST-24  (Figure  1.2) 
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SECTION  2 

SITE  CHARACTERIZATION  ACTIVITIES 

This  section  presents  the  methods  used  by  Parsons  ES  personnel  to  collect  site- 
specific  data  at  Site  ST-24  at  Columbus  AFB,  Mississippi.  To  meet  the  requirements 
of  the  RNA  demonstration,  data  were  collected  in  one  site  characterization  event.  The 
site  characterization  was  performed  in  November  1996,  and  consisted  of  monitoring 
point  installation,  soil  and  groundwater  sampling,  and  aquifer  testing  to  evaluate  near¬ 
surface  geology  and  geochemistry,  aquifer  properties,  and  the  extent  of  soil  and 
groundwater  contamination  for  the  area  surrounding  ST-24.  Temporary  groundwater 
monitoring  point  installation  and  soil  sampling  were  accomplished  during  this 
investigation  using  the  Geoprobe®  direct-push  system.  Groundwater  sampling  was 
accomplished  during  this  investigation  using  both  temporary  monitoring  points  and 
previously  installed  monitoring  wells.  Hydraulic  conductivity  (slug)  tests  were 
conducted  at  several  of  the  site  monitoring  wells.  Previously  collected  data  were 
integrated  with  data  collected  as  described  above  to  develop  the  conceptual  site  model 
and  to  aid  in  the  interpretation  of  the  physical  setting  (Section  3)  and  contaminant 
distribution  (Section  4). 

The  following  sections  describe  the  procedures  that  were  followed  when  collecting 
site-specific  data.  Additional  details  regarding  investigative  activities  are  presented  in 
the  work  plan  (Parsons  ES,  1996). 
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2.1  DRILLING,  SOIL  SAMPLING,  AND  MONITORING  POINT 
INSTALLATION 

Drilling-related  field  work  occurred  between  November  8  and  November  16,  1996, 
and  consisted  of  soil  sampling  and  temporary  groundwater  monitoring  point 
installation.  Eighteen  temporary  groundwater  monitoring  points  were  installed  at  14 
locations  to  assist  in  the  characterization  of  the  shallow  groundwater  flow  system  at  Site 
ST-24.  These  monitoring  points  were  identified  as  MPA,  MPB(s),  MPB(d),  MPD(s), 
MPD(d),  MPE,  MPF,  MPG,  MPH(s),  MPH(d),  MPI,  MPJ,  MPK(s),  MPK(d),  MPL, 
MPM,  W70(d),  and  W77(d).  The  new  points  were  installed  in  the  locations  shown  on 
Figure  2.1.  Table  2.1  presents  monitoring  well/point  completion  details.  The  nested 
points  were  installed  adjacent  to  each  other,  with  one  point  (designated  by  the  suffix 
“s”)  screened  near  the  water  table  surface,  and  with  the  deeper  point  (designated  by  the 
suffix  “d”)  screened  at  the  base  of  the  unconsolidated  shallow  aquifer,  immediately 
above  a  semi-impervious  clay  layer.  A  second  monitoring  point,  MPM,  was  installed 
at  the  same  location  and  depth  as  MPC  because  MPC  could  not  be  developed  or 
sampled.  The  monitoring  point  locations  were  selected  to  provide  the  hydrogeologic 
data  necessary  for  successful  implementation  of  the  fate  and  transport  model  and  to 
support  the  RNA  demonstration.  These  activities  were  performed  according  to  the 
procedures  described  in  the  work  plan  (Parsons  ES,  1996)  and  summarized  in  the 
following  sections. 

2.1.1  Geoprobe®  Operation 

The  Geoprobe®  system  is  a  hydraulically  powered  percussion/probing  machine  used 
to  advance  sampling  tools  through  unconsolidated  soils.  This  system  provides  for  the 
rapid  collection  of  soil,  soil  gas,  and  groundwater  samples  at  shallow  depths  while 
minimizing  the  generation  of  investigation-derived  waste  materials.  For  convenience, 
throughout  this  report,  operation  of  the  Geoprobe®  is  referred  to  as  “drilling”. 
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TABLE  2.1 

MONITORING  POINT  AND  MONITORING  WELL  COMPLETION  DATA 

SITE  ST-24  RNA  TS 

COLUMBUS  AIR  FORCE  BASE,  MISSISSIPPI 


Well 

Identification 

Installation 

Date 

Well  Inside 

Diameter 

(Inches) 

Screened 

Interval 
(Feet  bgs)37 

Survey 
Northing 
(State  Plane)b/ 

Survey 
Easting 
(State  Plane) 

Top  of  Casing 
Elevation 
(Feet  msl)c/ 

Elevation 

Datum 

New  Monitoring  Points 

MPA 

11/9/96 

0.375 

19.1-19.6 

1443457.9769 

615624.9014 

209.0 

Top  of  Tubing 

MPB(s) 

11/9/96 

0.375 

18.9-19.4 

1443418.8592 

615610.0118 

209.0 

Top  of  Tubing 

MPB(d) 

11/9/96 

0.375 

28.4-28.9 

1443418.8592 

615610.0118 

209.0 

Top  of  Tubing 

MPD(s) 

11/9/96 

0.375 

19-19.5 

1443368.9037 

615614.2654 

208.4 

Top  of  Tubing 

MPD(d) 

11/9/96 

0.375 

28.6-29.1 

1443368.9037 

615614.2654 

208.4 

Top  of  Tubing 

MPE 

11/10/96 

0.375 

18.9-19.4 

1443418.7517 

615728.0933 

208.2 

Top  of  Tubing 

MPF 

11/10/96 

0.375 

19-19.5 

1443197.2292 

615631.9702 

208.4 

MEEMMm 

MPG 

11/10/96 

0.375 

19-19.5 

1443429.2569 

615565.7435 

209.1 

Top  of  Tubing 

MPH(s) 

11/10/96 

0.375 

19.2-19.7 

1443323.9337 

615567.4470 

208.3 

Top  of  Tubing 

MPH(d) 

11/10/96 

0.375 

29-29.5 

1443323.9337 

615567.4470 

208.5 

Top  of  Tubing 

MPI 

11/10/96 

0.375 

18-18.5 

1443319.1459 

615435.8379 

206.9 

Top  of  Tubing 

MPJ 

11/16/96 

0.375 

20.6-21.1 

1443217.3471 

615444.3941 

206.2 

Top  of  Tubing 

MPK(s) 

11/10/96 

0.375 

17.7-18.2 

1443431.3740 

615794.4663 

207.7 

Top  of  Tubing 

^PK(d) 

11/10/96 

0.375 

26.5-27 

1443431.3740 

615794.4663 

207.6 

Top  of  Tubing 

||>L 

11/14/96 

0.375 

18.0-18.5 

1443252.5809 

615538.1359 

206.5 

Top  of  Tubing 

■PM  (MPC) 

11/9/96 

0.375 

18.0-18.5 

1443370.2946 

615613.4789 

208.8 

Top  of  Tubing 

W70(d) 

11/10/96 

0.375 

27.5-28 

1443398.2369 

615647.1944 

209.5 

Top  of  Tubing 

W77(d) 

11/10/96 

0.375 

29-29.5 

1443381.8863 

615570.7410 

209.0 

Top  of  Tubing 

Pre-Existing  Monitoring  Weils 

W68 

5/15/89 

2.0 

10-20 

1443590.6141 

615643.5132 

207.5 

Top  of  PVC  Casing 

W69 

5/19/89 

2.0 

5-20 

1443502.8884 

615642.5652 

208.9 

Top  of  PVC  Casing 

W70(s) 

5/23/89 

2.0 

5-20 

1443399.8006 

615642.6427 

208.3 

Top  of  PVC  Casing 

W71 

5/23/89 

2.0 

5-20 

1443306.1899 

615655.4957 

207.8 

Top  of  PVC  Casing 

W72 

5/18/89 

2.0 

5-20 

1443325.3992 

615736.1057 

206.8 

Top  of  PVC  Casing 

W73 

5/16/89 

2.0 

5-20 

1443473.8001 

615721.4309 

207.3 

Top  of  PVC  Casing 

W74 

5/12/89 

2.0 

12-22 

1443190.1939 

615710.9057 

206.3 

Top  of  PVC  Casing 

W76 

5/12/89 

2.0 

8-18 

1443250.9041 

615530.6381 

205.5 

Top  of  PVC  Casing 

W77(s) 

5/16/89 

2.0 

6-16 

1443379.8400 

615566.7325 

207.9 

Top  of  PVC  Casing 

1  Feet  bgs  =  feet  below  ground  surface. 

b/  State  Plane  =  State  of  Mississippi  Plane  Coordinate  System. 

c/  Feet  msl  =  feet  above  mean  sea  level. 
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2. 1.1.1  Pre-Drilling  Activities 

All  subsurface  utility  lines  or  other  man-made  subsurface  features  were  located,  and 
proposed  drilling  locations  were  cleared  and  approved  by  the  Base  prior  to  any  drilling 
activities.  Water  used  in  equipment  cleaning  or  grouting  was  obtained  from  a  potable 
water  supply  designated  by  the  Base.  Suitability  of  the  water  source  was  verified  by 
field  personnel. 

2. 1.1.2  Equipment  Decontamination  Procedures 

Prior  to  arriving  at  the  site,  and  between  each  drilling  location,  all  probe  rods,  tips, 
sleeves,  pushrods,  samplers,  tools,  and  other  downhole  equipment  were  decontaminated 
using  an  Alconox®  detergent  and  potable  water  solution  followed  by  a  potable  water 
wash.  Fittings,  tips,  and  samplers  also  underwent  an  additional  rinse  with  isopropyl 
alcohol  followed  by  a  final  rinse  with  deionized  water.  Precautions  were  taken  to 
minimize  impact  to  the  areas  surrounding  decontamination  operations.  All 
decontamination  activities  were  conducted  in  a  manner  so  that  the  excess  water  was 
controlled  and  not  allowed  to  flow  into  any  open  borehole. 

All  decontamination  fluids  were  collected  and  contained  in  55-gallon  drums.  The 
contents  of  the  drums  were  inspected  prior  to  disposal.  Because  none  of  the  water 
exhibited  any  signs  of  contamination,  Base  Civil  Engineering  was  so  notified,  and  the 
water  was  released  to  the  sanitary  sewer. 

2. 1.1. 3  Drilling  and  Soil  Sampling 

Drilling  was  accomplished  using  the  Geoprobe®  direct-push  technology.  The 
boreholes  were  sampled  continuously  to  the  total  depth  of  the  borehole.  Where  two 
points  were  installed  adjacent  to  each  other  (i.e.,  nested),  only  the  deeper  point  was 
logged  and  sampled.  The  Geoprobe®-collected  soil  samples  were  obtained  using  4-foot 
by  1.5-inch  inside-diameter  (ID)  and  2-foot  by  1-1/16  inch-ID  sampling  devices.  The 
large  sampler  was  used  for  the  initial  10  feet  of  soil.  The  smaller  sampler  was  then 
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used  for  the  remainder  of  the  borehole  in  an  attempt  to  minimize  the  smearing  of 
surface  contamination  into  deeper  portions  of  the  borehole.  A  probe-drive  sampler 
attached  to  the  leading  end  of  the  probe  rods  serves  as  both  the  driving  point  and  the 
sample  collection  device.  To  collect  a  soil  sample,  the  sampler  was  pushed  or  driven  to 
the  desired  sampling  depth,  the  drive  point  was  retracted  to  open  the  sampling  barrel, 
and  the  sampler  was  subsequently  pushed  into  the  undisturbed  soils.  The  soil  cores 
were  retained  within  a  clear  acetate  liner  inside  the  sampling  barrel.  The  probe  rods 
were  then  retracted,  bringing  the  sampling  device  to  the  surface.  The  soil  sample  was 
then  extruded  from  the  liners  for  visual  lithologic  logging,  photoionization  detector 
(PID)  headspace  screening,  and  collection  for  chemical  testing. 

The  Parsons  ES  field  geologist  observed  drilling  and  monitoring  point  installation 
activities  and  maintained  a  detailed  descriptive  log  of  recovered  subsurface  materials. 
Final  geologic  borehole  logs  are  presented  in  Appendix  A.  These  logs  contain: 

•  Sampled  interval  (top  and  bottom  depth); 

•  Presence  or  absence  of  contamination  based  on  odor,  staining,  and/or  PID 
readings; 

•  Soil  description,  including  color,  major  textural  constituents,  minor  constituents, 
relative  moisture  content,  plasticity  of  fines,  cohesiveness,  grain  size,  structure  or 
stratification,  and  any  other  significant  observations;  and 

•  Lithologic  contacts,  with  the  depth  to  contacts  and/or  significant  textural  changes 
recorded  to  the  nearest  0. 1  foot. 

Bags  containing  soil  samples  collected  for  the  headspace  screening  procedure  were 
quickly  sealed  and  stored  for  15  minutes  or  longer  at  the  ambient  temperature. 
Semiquantitative  measurements  were  made  by  puncturing  the  bag  seal  with  the  PID 
probe  and  reading  the  concentration  of  the  headspace  gases.  The  PID  relates  the 
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concentration  of  total  volatile  organic  compounds  (VOCs)  in  the  sample  to  an 
isobutylene  calibration  standard.  The  PID  also  was  used  to  monitor  for  VOCs  in  the 
worker  breathing  zone. 

Soil  samples  were  collected  from  boreholes  MPA,  MPC,  MPD,  and  MPF.  Where 
no  elevated  PID  headspace  readings  were  encountered,  samples  were  collected  from 
immediately  above  the  water  table.  Where  PID  readings  were  elevated,  one  of  the 
samples  submitted  for  laboratory  analysis  was  from  the  interval  giving  the  highest 
reading.  Analytical  sample  containers  and  appropriate  container  lids  were  provided  by 
Evergreen  Analytical,  Inc.  of  Wheat  Ridge,  Colorado.  Personnel  from  Parsons  ES 
performed  the  soil  sampling. 

The  sample  containers  were  filled  completely  to  minimize  headspace.  The 
containers  were  sealed  with  Teflon®  tape,  and  lids  were  placed  over  the  tape  and  tightly 
closed.  A  sample  label  was  firmly  attached  to  the  container  side,  and  the  following 
information  was  legibly  and  indelibly  written  on  the  label: 

•  Sample  identification; 

•  Requested  analyses; 

•  Sample  depth; 

•  Sampling  date;  and 

•  Sample  collector's  initials. 

After  the  samples  were  sealed  and  labeled,  they  were  placed  in  a  cooler  with  ice  and 
held  for  transport  to  the  laboratory.  Soil  samples  were  analyzed  for  the  parameters 
listed  in  Table  2.2. 
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TABLE  2.2 

ANALYTICAL  PROTOCOLS  FOR 
GROUNDWATER  AND  SOIL  SAMPLES 
SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 


MATRIX 

Analyte 

METHOD 

FIELD  (F)  OR 
ANALYTICAL 
LABORATORY  (L) 

WATER 

Total  Iron 

Colorimetric,  Hach  Method  8008  (or  similar) 

F 

Ferrous  Iron  (Fe+2) 

Colorimetric,  Hach  Method  8146  (or  similar) 

F 

Ferric  Iron  (Fe+3) 

Difference  between  total  and  ferrous  iron 

F 

Manganese 

Colorimetric,  Hach  Method  8034  (or  similar) 

F 

Sulfide 

Colorimetric,  Hach  Method  8131  (or  similar) 

F 

Sulfate 

Colorimetric,  Hach  Method  8051  (or  similar) 

F 

Nitrate 

Titrimetric,  Hach  Method  8039  (or  similar) 

F 

Nitrite 

Titrimetric,  Hach  Method  8507  (or  similar) 

F 

Redox  Potential 

A2580B,  direct-reading  meter 

F 

Oxygen 

Direct-reading  meter 

F 

PH 

E150.1/SW9040,  direct-reading  meter 

F 

Conductivity 

E120.1/SW9050,  direct-reading  meter 

F 

Temperature 

E170.1 

F 

Alkalinity  (Carbonate  [C03-2] 

Titrimetric,  Hach  Method  8221  (or  similar) 

F 

and  Bicarbonate  [HC03-1]) 

Carbon  Dioxide 

CHEMetrics  Method  4500 

F 

Nitrate 

E300  or  SW9056 

L 

Nitrite 

E300  or  SW9056 

L 

Chloride 

E300  or  SW9056 

L 

Sulfate 

E300  or  SW9056 

L 

Alkalinity 

E150.1 

L 

Methane 

RSKSOP  17 S*  or  EAL-SOP-GC404 

L 

Total  Organic  Carbon 

SW9060 

L 

Aromatic  Hydrocarbons 

SW8020A 

L 

(Including  Trimethylbenzene 
and  Tetramethylbenzene) 

Total  Volatile  Hydrocarbons 

SW8015  Modified 

L 

Volatile  Organic  Compounds 

SW8240B 

L 

SOIL 

Total  Organic  Carbon 

SW9060 

L 

Moisture 

ASTM  D-2216 

L 

Aromatic  Hydrocarbons 

SW8020 

L 

Total  Hydrocarbons 

SW8015 

L 

Volatile  Organic  Compounds 

SW8240B 

L 

RSKSOP  =  National  Risk  Management  Laboratory  standard  operating  procedure. 
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2.1.2  Temporary  Monitoring  Point  Installation 

Temporary  groundwater  monitoring  points  were  installed  in  18  boreholes  at  14 
locations  under  this  program  (Figure  2.1).  Detailed  monitoring  point  installation 
procedures  are  described  in  the  following  paragraphs. 

2. 1.2.1  Monitoring  Point  Materials  Decontamination 

Monitoring  point  completion  materials  were  inspected  by  the  field  geologist  and 
determined  to  be  clean  and  acceptable  prior  to  use.  All  monitoring  point  completion 
materials  were  factory  sealed  in  plastic  wrap.  Pre-packaged  casing,  sand,  and  bentonite 
were  used  in  well  construction,  and  were  inspected  for  possible  external  contamination 
before  use.  Materials  that  could  not  be  cleaned  to  the  satisfaction  of  the  field  geologist 
were  not  used. 

2. 1.2.2  Monitoring  Point  Casing  and  Screen 

Upon  completion  of  Geoprobe®  soil  sampling  to  the  proper  borehole  termination 
depth,  a  temporary  monitoring  point  was  installed.  The  temporary  monitoring  points 
were  constructed  using  Teflon®-lined,  high-density,  polyethylene  (HDPE)  tubing 
threaded  through  the  center  of  the  drive  rods.  The  tube  was  attached  to  a  0.5-foot- 
long,  0. 375-inch-diameter  stainless  steel,  double-woven  wire  screen  with  0.145- 
millimeter  (0.037-inch)  slot  size.  The  screen  was  threaded  into  a  dedicated  stainless 
steel  drive  point/implant  anchor  that  remained  in  place  after  the  drive  rods  were 
removed.  Purging  and  sampling  followed  directly. 

For  shallow  monitoring  points,  the  6-inch  screen  was  placed  within  the  water  table. 
Because  of  the  very  short  screen  length,  it  was  not  realistic  to  attempt  to  screen  across 
the  water  table  so  that  mobile  light  nonaqueous-phase  liquid  (LNAPL)  could  be 
detected  (if  present).  Deep  monitoring  points  were  screened  just  above  the  base  of  the 
semi-confining  clay  layer.  Screen  positions  were  selected  by  the  field  hydrogeologist 
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after  consideration  was  given  to  the  geology  and  hydraulic  characteristics  of  the  stratum 
in  which  the  monitoring  points  were  screened. 

Monitoring  point  construction  details  were  noted  on  a  monitoring  point  installation 
record  and  are  summarized  in  Table  2.1.  This  information  became  part  of  the 
permanent  field  record  for  the  site.  Monitoring  point  installation  records  for  ST-24  are 
presented  in  Appendix  A. 

2. 1.2.3  Sand  Filter  Pack  and  Annular  Sealant 

Placement  of  a  filter  pack  around  the  monitoring  point  casing  screens  was  not 
possible  (or  necessary)  because  the  sand  borehole  walls  collapsed.  Therefore,  the 
temporary  monitoring  points  were  naturally  sand-packed  with  the  formation  materials. 
Due  to  the  sandy  nature  of  the  formation  materials,  well  development  and  purging 
activities  were  accomplished  without  difficulty.  A  filter  pack  seal  of  sodium  bentonite 
chips  or  grout  was  placed  in  the  portion  of  the  hole  that  remained  open  following 
collapse  of  the  sandy  borehole  walls.  This  was  typically  the  top  2  to  3  feet  of  the 
borehole. 

2.1.2.4  Protective  Cover 

For  all  temporary  monitoring  points,  protective  8-inch-diameter,  flush-mount 
casings  were  set  into  a  2-foot-square  concrete  pad  to  a  depth  of  0.5  to  1.0  foot  below 
ground  surface  (bgs).  The  casings  were  cemented  in  place  with  the  bottom  anchored  in 
a  6-inch  thick  gravel  pad  in  order  to  facilitate  drainage  of  precipitation  penetrating  the 
protective  casing.  The  tops  of  the  covers  were  placed  approximately  at  ground  surface. 
Monitoring  point  identifications  were  permanently  inscribed  on  the  point  casings  and 
protective  covers. 
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2.1.3  Well  Development 

Prior  to  sampling,  the  temporary  monitoring  points  were  developed.  Typically, 
development  removes  sediment  from  inside  the  well  casing  and  flushes  fines,  cuttings, 
and  drilling  fluids  from  the  sand  pack  and  the  portion  of  the  formation  adjacent  to  the 
well  screen.  Use  of  the  Geoprobe®  system  to  place  monitoring  points  eliminates 
cuttings  and  drilling  fluids.  Therefore,  development  of  monitoring  points  is  primarily 
intended  to  minimize  the  amount  of  fine  sediment  that  might  accumulate  in  the  casing. 

Monitoring  point  development  was  accomplished  using  a  peristaltic  pump  with 
dedicated  silicon  tubing.  The  silicon  tubing  was  attached  to  the  Teflon®-lined  tubing 
comprising  the  monitoring  point  casing,  and  directed  through  the  peristaltic  pump  head. 
Development  was  continued  until  a  minimum  of  10  casing  volumes  of  water  were 
removed  from  the  point  and  the  groundwater  pH,  temperature,  conductivity,  and 
dissolved  oxygen  concentrations  had  stabilized.  All  development  water  was  placed  in 
55-gallon  drums.  Drums  were  visually  inspected  prior  to  disposal.  Because  none  of 
the  development  water  exhibited  any  signs  of  contamination,  Base  Civil  Engineering 
was  so  notified,  and  the  water  was  released  to  the  sanitary  sewer. 

2.2  GROUNDWATER  SAMPLING 

This  section  describes  the  procedures  used  for  collecting  groundwater  samples.  In 
order  to  maintain  a  high  degree  of  quality  control  (QC)  during  this  sampling  event,  the 
procedures  described  in  the  site  work  plan  (Parsons  ES,  1996)  and  summarized  in  this 
section  were  followed. 

Groundwater  sampling  from  14  newly  installed  temporary  monitoring  points  and  the 
9  existing  monitoring  wells  (Figure  2.1)  occurred  between  November  8  and  18,  1996. 
Monitoring  well  W76  was  not  sampled  because  an  unknown  object  was  blocking  the 
inner  casing.  In  addition,  four  deep  monitoring  points  were  not  sampled  in  November 
1996  because  of  poor  recovery.  Groundwater  sampling  forms  were  used  to  document 
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the  specific  details  of  the  sampling  event  for  each  location.  Groundwater  samples  were 
analyzed  for  the  parameters  listed  in  Table  2.2.  Groundwater  samples  were  analyzed 
by  Parsons  ES  personnel  in  the  field  for  alkalinity,  ferrous  iron,  free  carbon  dioxide, 
pH,  reduction/oxidation  (redox)  potential,  soluble  manganese,  sulfide,  sulfate,  nitrite, 
nitrate,  chloride,  and  temperature.  Laboratory  analyses  for  methane,  nitrate  and 
nitrite,  sulfate,  purgeable  aromatic  hydrocarbons,  and  total  fuel  carbon  were  performed 
by  Evergreen  Analytical,  Inc. 

2.2.1  Preparation  for  Sampling 

All  equipment  used  for  sampling  was  assembled  and  properly  cleaned  and  calibrated 
(if  required)  prior  to  arriving  in  the  field.  In  addition,  all  record-keeping  materials 
were  gathered  prior  to  leaving  the  office.  Special  care  was  taken  to  prevent 
contamination  of  the  groundwater  and  extracted  samples  through  cross  contamination 
from  improperly  cleaned  equipment;  therefore,  water  level  indicators  and  sampling 
equipment  were  thoroughly  cleaned  before  and  after  field  use  and  between  uses  at 
different  sampling  locations.  In  addition,  a  clean  pair  of  new,  disposable  gloves  was 
worn  each  time  a  different  well/point  was  sampled. 

All  portions  of  sampling  and  test  equipment  that  contacted  the  sample  were 
thoroughly  cleaned  before  use.  This  equipment  included  the  water  level  probe  and 
cable,  equipment  for  measuring  onsite  groundwater  chemical  parameters,  and  other 
equipment  that  contacted  the  samples.  All  peristaltic  pump  tubing  was  dedicated  to 
each  sampling  location.  The  following  cleaning  protocol  was  used: 

•  Clean  with  potable  water  and  phosphate-free  laboratory  detergent; 

•  Rinse  with  potable  water; 

•  Rinse  with  isopropyl  alcohol; 

•  Rinse  with  distilled  or  deionized  water;  and 
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•  Air  dry  prior  to  use. 

Any  deviations  from  these  procedures  were  documented  in  the  field  scientist's  field 
notebook  and  on  the  groundwater  sampling  form.  Decontamination  fluids  were 
contained  and  managed  as  described  in  Section  2. 1.1. 2. 

As  required,  field  analytical  equipment  was  calibrated  according  to  the 
manufacturers’  specifications  prior  to  field  use.  This  requirement  applied  specifically 
to  onsite  chemical  measurements  of  dissolved  oxygen  (DO),  temperature,  conductivity, 
and  pH. 

Prior  to  removing  any  water  from  the  existing  monitoring  wells,  the  static  water 
level  was  measured.  An  electrical  water  level  probe  was  used  to  measure  the  depth  to 
groundwater  below  the  well  datum  to  the  nearest  0.01  foot.  After  measurement  of  the 
static  water  level,  the  water  level  probe  was  lowered  to  the  bottom  of  the  well  for 
measurement  of  total  well  depth  (recorded  to  the  nearest  0.01  foot).  Mobile  LNAPL 
(i.e.,  free  product)  was  not  encountered  at  ST-24.  Based  on  these  measurements,  the 
volume  of  water  to  be  purged  from  the  monitoring  wells  was  calculated.  For  the 
temporary  monitoring  points,  the  volume  of  water  to  be  purged  was  estimated  from  the 
total  depth  of  the  monitoring  point. 

2.2.2  Well/Point  Purging  and  Sample  Collection 

A  peristaltic  pump  was  used  for  well  evacuation.  For  monitoring  wells,  both 
dedicated  HDPE  and  silicon  tubing  were  used.  For  monitoring  points,  dedicated 
silicon  tubing  was  attached  directly  to  the  Teflon®-lined  HDPE  tubing  used  for  the 
point  casing.  Purging  consisted  of  removing  at  least  three  times  the  calculated  casing 
volume  prior  to  sample  collection.  Once  three  casing  volumes  were  removed  from  the 
well,  purging  continued  until  the  DO,  temperature,  and  conductivity  readings  had 
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stabilized.  Purge  water  was  placed  in  55-gallon  drums  and  disposed  of  in  the  same 
manner  as  development  water  and  decontamination  fluids. 

The  same  peristaltic  pump  and  dedicated  tubing  arrangement  was  used  to  extract 
groundwater  samples  from  each  well  or  Geoprobe®  point.  The  groundwater  sample 
was  transferred  directly  into  the  appropriate  sample  container.  The  water  was  carefully 
poured  down  the  inner  walls  of  the  sample  bottle  to  minimize  aeration  of  the  sample. 
Sample  bottles  for  BTEX  and  total  fuel  carbon  analysis  were  filled  so  that  there  was  no 
headspace  or  air  bubbles  within  the  container.  Table  2.2  lists  the  analyses  performed 
on  collected  groundwater  samples. 

2.2.3  Onsite  Chemical  Parameter  Measurement 

Measurement  of  DO,  pH,  specific  conductance,  redox  potential,  and  temperature 
was  performed  at  the  sampling  location  at  the  time  of  sample  collection.  All  other  field 
parameters  were  measured  onsite  by  Parsons  ES  personnel  at  their  temporary  laboratory 
immediately  following  sample  collection. 

DO  measurements  were  taken  using  a  YSI-55®  DO  meter  in  a  HDPE  beaker  at  the 
outlet  of  the  peristaltic  pump.  DO  concentrations  were  recorded  after  the  readings 
stabilized,  and  in  all  cases  represent  the  lowest  DO  concentration  observed. 

Because  the  specific  conductance,  pH,  redox  potential,  and  temperature  of 
groundwater  can  change  significantly  within  a  short  time  following  sample  acquisition, 
parameters  were  measured  in  the  same  beaker  used  for  DO  measurements. 
Conductivity  and  temperature  were  measured  using  an  Extech®  meter.  Redox  potential 
and  pH  were  measured  using  an  Orion®  250A  meter. 

An  onsite  laboratory  staffed  by  Parsons  ES  personnel  was  used  to  analyze  for  several 
indicator  parameters  in  groundwater  samples  collected  from  pre-existing  monitoring 
wells  and  newly  installed  monitoring  points  (Table  2.1).  A  Hach®  DR/700  colorimeter 
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was  used  to  measure  ferrous  iron  (Fe+2),  total  iron  (Fe),  manganese  (Mn+2),  and 
sulfide  (S2").  Titrations  using  Hach®  reagents  were  conducted  to  measure  alkalinity  [as 
milligrams  per  liter  (mg/L)  calcium  carbonate  (CaC03)]  and  chloride  (Cf);  and 
CHEMtric®  color  tests  were  used  to  measure  ammonia  (NH3)  and  carbon  dioxide 
(C02).  These  analyses  were  completed  for  each  groundwater  sample  after  all  sample 
containers  had  been  filled.  The  sample  to  be  analyzed  was  poured  into  a  clean  glass 
container,  capped,  and  transported  to  the  Parsons  ES  on-Base  laboratory  for  analysis. 
Special  care  was  taken  to  avoid  aerating  the  sample  in  the  sample  container,  which 
could  influence  the  concentration  of  reduced  species.  The  field  holding  time  for  each 
sample  did  not  exceed  0.5  hour.  Care  was  taken  to  minimize  sample  temperature 
changes  and  exposure  to  sunlight.  Concentrations  of  these  indicator  parameters  were 
not  measured  in  soil  samples. 

2.2.4  Sample  Handling 

Evergreen  Analytical,  Inc.  provided  appropriate  pre-preserved  sample  containers. 
Samples  were  delivered  to  the  Parsons  ES  temporary  laboratory  within  minutes  of 
sample  collection.  Samples  for  those  analyses  not  performed  at  the  temporary 
laboratory  were  appropriately  packaged  and  shipped  by  the  Parsons  ES  field  personnel 
to  Evergreen  Analytical,  Inc.  in  Wheat  Ridge,  Colorado  for  analysis.  The  associated 
chain-of-custody  documentation  for  the  fixed-base  laboratory  was  completed  by  the 
Parsons  ES  field  personnel. 

The  sample  containers  were  filled  as  described  in  Sections  2.2.3,  and  the  container 
lids  were  tightly  closed.  The  sample  label  was  firmly  attached  to  the  container  side, 
and  the  following  information  was  legibly  and  indelibly  written  on  the  label: 

•  Facility  name; 

•  Sample  identification; 
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•  Requested  analysis; 

•  Sample  type  (groundwater); 

•  Sampling  date; 

•  Sampling  time; 

•  Preservatives  added;  and 

•  Sample  collector's  initials. 

2.3  AQUIFER  TESTING 

Slug  tests  were  performed  by  Parsons  ES  in  November  1996  in  wells  W68,  W69, 
W70,  W71,  W74,  and  W77  (Figure  2.1)  to  provide  estimates  for  the  hydraulic 
conductivity  of  the  shallow  saturated  zone  in  the  vicinity  of  ST-24.  Slug  tests  are 
single-well  hydraulic  tests  used  to  estimate  the  hydraulic  conductivity  of  an  aquifer  in 
the  immediate  vicinity  of  the  tested  well.  Slug  testing  can  be  performed  using  either  a 
rising  head  or  a  falling  head  test.  Both  rising  head  and  falling  head  tests  were  used  at 
this  site.  Detailed  slug  testing  procedures  are  presented  in  the  Technical  Protocol  for 
Implementing  Intrinsic  Remediation  with  Long-Term  Monitoring  for  Natural  Attenuation 
of  Fuel  Contamination  Dissolved  in  Groundwater  (Wiedemeier  et  al.,  1995),  hereafter 
referred  to  as  the  technical  protocol  document. 

Data  obtained  during  slug  testing  were  analyzed  using  the  computer  program 
AQTESOLV*  (Geraghty  &  Miller,  Inc.,  1994)  and  the  methods  of  Bouwer  and  Rice 
(1976)  and  Bouwer  (1989)  for  unconfined  conditions.  The  results  of  slug  testing  are 
presented  in  Section  3.3  and  Appendix  A. 
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2.4  SURVEYING 

After  completion  of  field  work  in  November  1996,  the  locations  and  elevations  of 
all  new  monitoring  points  were  surveyed  by  CH2M  Hill,  a  company  licensed  to 
perform  land  surveying.  The  horizontal  locations  and  elevations  of  the  measurement 
datum  (top  of  well  casing  or  top  of  outer  casing)  were  measured  relative  to  existing 
control  points  referenced  to  the  Mississippi  State  plane  coordinate  system.  Horizontal 
locations  were  surveyed  to  the  nearest  0.5  foot.  Measurement  datum  and  ground 
surface  elevations  were  surveyed  to  the  nearest  0.1  foot  and  referenced  to  mean  sea 
level  (msl)  elevation.  Survey  data  are  presented  in  Table  2. 1  and  Appendix  A. 
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SECTION  3 

PHYSICAL  CHARACTERISTICS  OF  THE  STUDY  AREA 

This  section  describes  the  physical  characteristics  of  Site  ST-24  as  determined  from 
data  collected  by  Parsons  ES  in  November  1996,  in  conjunction  with  data  documented 
in  previous  reports  on  ST-24  and  Columbus  AFB  (CH2M  Hill,  1989  and  1995; 
Spencer,  1996a  and  1996b).  Investigative  techniques  used  by  Parsons  ES  to  determine 
the  physical  characteristics  of  the  site  are  discussed  in  Section  2. 

3.1  SURFACE  FEATURES 

3.1.1  Topography 

Columbus  AFB  is  located  in  northeastern  Mississippi  and  lies  in  the  Tombigbee  and 
Tennessee  River  Hills  physiographic  district  of  the  Gulf  Coastal  Plain  (CH2M  Hill, 
1989).  This  area  is  characterized  by  a  low,  relatively  flat  terrain.  Land  surface 
elevations  in  the  vicinity  of  Columbus  AFB  range  from  180  to  220  feet  above  msl.  A 
topographic  map  of  Columbus  AFB  is  presented  as  Figure  3.1. 

3.1.2  Surface  Water  Hydrology 

Columbus  AFB  is  bounded  to  the  west  and  north  by  the  Tombigbee  River  and  the 
Buttahatchie  River,  respectively.  Surface  water  runoff  from  the  Base  primarily  drains 
into  the  Tombigbee  River,  with  exception  of  the  northeastern  portion  of  the  Base, 
which  drains  into  the  Buttahatchie  River.  The  northwestern  comer  of  the  Base  lies 
within  the  100-year  floodplain  of  both  rivers  and  occasionally  floods  (CH2M  Hill, 
1995). 
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3.2  REGIONAL  GEOLOGY  AND  HYDROGEOLOGY 

The  shallow  subsurface  geology  in  northeastern  Mississippi  consists  of  Cretaceous 
Gulf  Coastal  Plain  sediments  overlain  by  Quaternary  alluvial  sediments  (CH2M  Hill, 
1989).  The  Cretaceous  coastal  plain  sediments  unconformably  overlie  an  irregular 
surface  of  Paleozoic  basement  rocks  (CH2M  Hill,  1989). 

Unconsolidated  sediments  comprise  the  upper  40  feet  of  subsurface  geology  at  the 
Base.  These  sediments  are  alluvial  and  lower  terrace  deposits  composed  of  sand  and 
gravel  overlying  clay  and  sandy  clay.  Upper  units  of  the  Cretaceous  Coastal  Plain 
sediments  consist  of  sand,  silt,  gravel,  clay,  and  calcareous  marine  strata.  Lower  units 
of  the  Cretaceous  Series  comprise  a  southward-thickening  wedge  of  sand,  clay,  shale, 
gravel,  and  calcareous  strata  of  marine  origin  (CH2M  Hill,  1989).  The  upper  units  of 
the  Coastal  Plain  sediments  that  crop  out  in  the  vicinity  of  Columbus  AFB  lie  on  the 
eastern  flank  of  the  Mississippian  Embayment,  a  southward-plunging  structural 
syncline.  The  embayment  is  essentially  a  large  trough  that  subsided  as  Cretaceous 
sediments  were  deposited  in  a  shallow  inland  sea.  Stratigraphic  units  in  the  vicinity  of 
the  Base  slope  toward  the  axis  of  the  embayment  syncline,  though  the  southwest  dip  of 
strata  is  less  than  20  feet  per  mile  (CH2M  Hill,  1989).  This  structural  control  has 
resulted  in  north-south  trending  outcrop  belts  in  areas  surrounding  the  Base.  Paleozoic 
basement  rocks  crop  out  only  in  the  northeastern  comer  of  the  state  as  Devonian  and 
Mississippian  sedimentary  units. 

Sandy  Cretaceous  sediments  are  the  most  important  source  of  groundwater  in 
Lowndes  County.  Recharge  to  these  aquifers  occurs  mainly  by  downward  infiltration 
of  rainwater  in  outcrop  areas  (CH2M  Hill,  1989).  The  regional  hydrogeology  within 
Lowndes  County  consists  of  two  major  hydrogeologic  units:  a  surficial,  unconfined 
alluvial  aquifer  and  the  deeper,  confined  to  semi-confined  Eutaw  Aquifer.  The 
surficial  aquifer  is  part  of  the  Upper  Eutaw  Formation,  and  includes  the  Tombigbee 
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sand  member  when  present.  The  Eutaw  Formation  is  generally  identified  by  the 
presence  of  glauconitic  sediments  (Spencer,  1996a).  The  surficial  aquifer  averages  less 
than  40  feet  in  thickness  and  consists  of  alluvial  sand,  silty  clay,  and  gravel  deposits. 
Previous  studies  show  the  regional  hydraulic  conductivity  of  the  surficial  aquifer  to 
vary  between  3.8  and  570  feet  per  day  (ft/day)  (CH2M  Hill,  1989). 

The  semi-confining  layer  that  separates  the  upper,  surficial  aquifer  and  the  deeper, 
confined  to  semi-confined  Eutaw  Aquifer  is  estimated  to  be  approximately  5  to  90  feet 
thick  across  the  Base  (CH2M  Hill,  1995).  This  layer  primarily  consists  of  low- 
permeability  silt  and  clay  interlayered  with  sand  and  has  hydraulic  conductivities 
ranging  from  1.9xl0'2  ft/day  to  1.7X10*4  ft/day  (CH2M  Hill,  1989).  Eutaw  sediments 
of  the  confining  layer  have  been  identified  as  greenish-gray,  finely  laminated  clay  in 
the  vicinity  of  the  Base  (Spencer,  1996a). 

The  confined  to  semi-confined  Eutaw  Aquifer  consists  of  both  Eutaw  Formation  and 
Tuscaloosa  Group  sediments.  The  confined  Eutaw  Aquifer  is  about  150  feet  thick  in 
the  vicinity  of  the  Base  and  receives  most  of  its  recharge  north  of  the  Base  at  the 
formation  outcrop  (CH2M  Hill,  1989).  The  regional  groundwater  flow  direction 
within  the  Eutaw  Aquifer  in  the  vicinity  of  the  Base  is  toward  the  west-southwest, 
coinciding  with  the  regional  dip  of  the  Formation.  The  Eutaw  Aquifer  consists  of  tan 
to  brown  sand  (called  Tuscaloosa  sand)  with  coarse  gravel  and  lenses  of  clay  (CH2M 
Hill,  1989).  Previous  studies  show  the  hydraulic  conductivity  of  the  Eutaw  Aquifer 
within  the  Base  to  vary  between  2  and  30  ft/day,  and  to  average  7  ft/day  (Spencer, 
1996a).  Beneath  the  Eutaw  Formation  is  the  Tuscaloosa  Group,  which  consists  of 
coarse  sand  and  gravel  deposits.  Columbus  AFB  operates  three  potable  water  supply 
wells  completed  in  the  Tuscaloosa  Group,  at  depths  of  approximately  400  feet  bgs 
(CH2M  Hill,  1995). 
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Shallow  groundwater  in  the  vicinity  of  the  Base  is  typically  present  within  the 
surficial  aquifer  at  approximately  15  feet  bgs.  However,  it  is  reported  that 
groundwater  elevations  in  the  surficial  aquifer  may  vary  seasonally  by  as  much  as  10 
feet,  depending  on  rainfall  patterns  (CH2M  Hill,  1989).  Aquifer  recharge  occurs  by 
downward  infiltration  of  rainwater  through  the  relatively  permeable  alluvial  deposits. 
Shallow  groundwater  within  the  northern  section  of  the  Base  generally  flows  to  the 
northwest  toward  the  Buttahatchie  River,  while  groundwater  within  the  southern  half  of 
the  Base,  generally  flows  to  the  west-southwest  toward  the  Tombigbee  River  (CH2M 
Hill,  1995;  Spencer,  1996b). 

3.3  SITE  GEOLOGY  AND  HYDROGEOLOGY 

Characterization  of  the  subsurface  sediments  at  Site  ST-24  has  been  the  objective  of 
several  investigations;  the  site  geology  and  hydrogeology  descriptions  presented  below 
were  principally  derived  from  a  previous  site  inspection  report  (CH2M  Hill,  1995)  and 
the  current  investigation.  There  are  currently  nine  groundwater  monitoring  wells 
associated  with  ST-24.  As  part  of  the  current  investigation,  18  monitoring  points  were 
installed  at  14  locations  using  a  Geoprobe®,  including  monitoring  points  at  locations 
W77  and  W70  (Figure  2. 1). 

3.3.1  Lithology  and  Stratigraphic  Relationships 

Surface  soils  at  the  site  primarily  consist  of  the  upper  terrace  Prentiss-Rosella-Steens 
Association,  which  is  composed  of  sand,  silt,  and  clay  loams,  and  the  lower  floodplain 
Cahaba-Prentiss-Guyton  Association,  which  is  composed  of  silty  and  clayey  loams. 
The  respective  soil  associations  cover  approximately  equal  areas  of  the  Base,  with  the 
upper  terrace  soils  more  common  in  the  southeastern  half  of  the  Base,  and  the  lower 
floodplain  soils  more  common  in  the  northwestern  section.  Two  to  10  feet  of  soil 
overlies  approximately  40  feet  of  unconsolidated  sediments  composed  of  alluvial  sand 
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and  gravel.  In  turn,  the  unconsolidated  sediments  overly  coastal  plain  clay  and  sandy 
clay  deposits. 

To  illustrate  these  stratigraphic  relationships,  hydrogeologic  sections  have  been 
developed  from  subsurface  data  derived  from  logs  of  previously  installed  monitoring 
wells  and  from  the  November  1996  Geoprobe®  investigation.  Figure  3.2  shows  the 
locations  of  these  sections.  Because  site  groundwater  flows  in  a  southwesterly 
direction,  both  cross  sections  were  developed  to  trace  this  flow  path.  Figure  3.3 
presents  hydrogeologic  section  A-A’,  and  Figure  3.4  presents  hydrogeologic  section  B- 
B\  In  general,  hydrogeologic  sections  A-A’  and  B-B’  depict  2  to  10  feet  of  silty  and 
clayey  soils  covering  3  to  10  feet  of  sand  to  sandy  silt,  which  in  turn,  overly  sandy  to 
silty  gravel.  A  dark  gray  clay  was  encountered  at  a  depth  of  24  feet  bgs  at  MPJ,  in  the 
southwest  portion  of  the  state. 

3.3.2  Groundwater  Hydraulics 

The  water  table  at  the  site  is  located  in  the  sediments  of  the  surficial  unconfined 
aquifer.  Depth  to  groundwater  is  approximately  11  to  16  feet  bgs  across  the  site.  A 
summary  of  groundwater  measurements  from  November  1996  is  presented  in  Table 
3.1.  Construction  details  for  temporary  monitoring  points  are  presented  in  Table  2.1 
and  Appendix  A. 

3.3.2. 1  Flow  Direction  and  Gradient 

Figure  3.5  shows  groundwater  elevations  for  ST-24  in  November  1996.  Due  to 
anomalous  water  level  measurements,  MPF  and  W71  were  not  used  for  contouring. 
For  nested  monitoring  point  pairs,  the  shallow  monitoring  point  groundwater  elevation 
was  used  for  contouring.  Groundwater  flows  to  the  southwest  with  a  nonuniform 
gradient  ranging  from  0.005  to  0.017  foot  per  foot  (ft/ft),  and  averages  0.01  ft/ft 
across  the  site.  These  gradients  are  consistent  with  values  observed  in  February  1995, 
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TABLE  3.1 

SUMMARY  OF  GROUNDWATER  ELEVATION  DATA 
NOVEMBER  1996 
SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 


Well/Point 

Identification 

Elevation  of 

Reference  Point 
for  Measurements 

(feet  msl)^ 

Depth  to 
Groundwater 

(feet  btc)b/ 

Groundwater 

Elevation 

(feet  msl) 

W69 

208.9 

14.5 

194.4 

208.3 

14.5 

193.8 

W70  (d) 

209.5 

16.5 

193.0 

W71 

207.8 

14.0 

193.8 

W72 

206.8 

13.3 

193.5 

W73 

207.3 

13.4 

193.9 

W74 

206.3 

13.2 

193.1 

W77  (s) 

207.9 

14.1 

193.8 

W77  (d) 

209.0 

17.8 

191.2 

MPA 

209.0 

14.9 

194.1 

MPB  (s) 

209.0 

16.1 

192.9 

MPB  (d) 

209.0 

14.2 

194.8 

MPM  (MPC) 

208.8 

15.5 

193.3 

MPD  (s) 

208.4 

15.4 

193.0 

MPD  (d) 

208.4 

15.0 

193.4 

MPE 

208.2 

14.5 

193.7 

MPF 

208.4 

11.4 

197.0 

MPG 

209.1 

15.9 

193.2 

MPH  (s) 

208.3 

15.5 

192.8 

MPH  (d) 

208.5 

15.6 

192.9 

MPI 

206.9 

13.4 

193.5 

MPJ 

206.2 

13.2 

193.0 

MPK  (s) 

207.7 

12.6 

195.1 

MPK  (d) 

207.6 

12.5 

195.1 

MPL 

206.5 

13.4 

193.1 

a 1 


b  / 


Feet  msl  =  feet  above 
Feet  btc  =  feet  below 


mean  sea  level, 
top  of  casing. 
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with  a  general  southwest  flow  direction.  However,  local  variations  in  groundwater 
direction  are  inconsistent  between  the  two  sampling  events.  In  November  1996,  a 
localized  groundwater  low  was  located  near  monitoring  points  MPG  and  MPB(s).  The 
observed  heads  from  November  1996  also  were  approximately  6  feet  lower  than  the 
previous  two  sampling  events  in  February  and  August.  This  variation  may  be  due  to 
seasonal  fluctuations  in  recharge. 


Four  groundwater  monitoring  point  pairs  installed  for  this  investigation  were  used  to 
evaluate  vertical  hydraulic  gradients  at  Site  ST-24.  Groundwater  elevation  data 
collected  in  November  1996  indicate  upward  vertical  gradients  of  0.147  ft/ft,  0.052 
ft/ft,  and  0.020  ft/ft  for  monitoring  point  pairs  MPB(s)/MPB(d),  MPD(s)/MPD(d),  and 
MPH(s)/MPH(d),  respectively.  These  upward  gradients  may  be  a  result  of  semi- 
confining  aquifer  conditions,  or  a  result  of  water  level  measurement  error. 


3.3.2.2  Hydraulic  Conductivity 

In  November  1996,  Parsons  ES  conducted  falling  and  rising  head  slug  tests  at  wells 
W68,  W69,  W70,  W71,  W74,  and  W77.  Hydraulic  conductivity  was  calculated  using 
the  method  of  Bower  and  Rice  (1976),  as  described  in  Section  2.  The  results  of  these 
slug  tests  are  summarized  in  Table  3.2.  Hydraulic  conductivities  ranged  from  35  ft/day 
to  81  ft/day,  with  an  average  hydraulic  conductivity  of  58  ft/day.  The  slug-test 
analyses  are  presented  in  Appendix  A. 

TABLE  3.2 

NOVEMBER  1996  SLUG  TEST  RESULTS 
SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 

I"  11  i  . . .  ■■■■■*■  t  ,  ■■  - -  , 


WELL 

HYDRAULIC  CONDUCTIVITY 
(ft/min) 

HYDRAULIC  CONDUCTIVITY 
(ft/dav) 

35 

H&L-*  ABMl 

0.051 

73 

W70 

0.030 

43 

W71 

0.055 

79 

W74 

0.056 

81 

W77 

0.024 

35 
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3.3.2.3  Effective  Porosity 

Because  of  the  difficulty  involved  in  accurately  determining  effective  porosity, 
published  literature  values  for  soil  types  comprising  the  shallow  saturated  zone  were 
referenced  (Walton,  1988;  Domenico  and  Schwartz,  1990).  Estimates  of  effective 
porosity  for  gravelly  sand  range  from  0.20  to  0.35.  An  average  effective  porosity  of 
0.30  was  assumed  for  the  surficial  aquifer  at  Site  ST-24. 

3.3.2.4  Advective  Groundwater  Velocity 

The  advective  velocity  of  groundwater  in  the  direction  parallel  to  groundwater  flow 
is  given  by: 

-  KdH 

v  = - 

n,  dL 

Where:  v  =  Average  advective  groundwater  velocity  [L/T] 

K  =  Hydraulic  conductivity  [L/T]  (58  ft/day) 
dH/dL  =  Gradient  [L/L]  (0.01  ft/ft) 
ne  =  Effective  porosity  (0.30). 

Using  this  relationship  in  conjunction  with  site-specific  data,  the  average  advective 
groundwater  velocity  at  the  site  in  November  1996  was  1.9  ft/day,  or  approximately 
700  feet  per  year  (ft/yr). 

3.3.2.5  Preferential  Flow  Paths 

No  preferential  contaminant  migration  pathways  were  identified  during  the  field 
work  phase  of  this  project.  There  are  a  storm  drainage  system,  electrical  distribution 
system,  water  supply  system,  and  some  Base  housing  west  of  the  site.  It  is  unclear  if 
the  groundwater  elevation  lows  at  MPG  and  MPB(s)  are  a  result  of  man-made  features, 
but  overall,  man-made  features  are  not  anticipated  to  influence  migration  pathways. 
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3.3.3  Groundwater  Use 

Groundwater  in  the  shallow  aquifer  is  not  used  as  a  local  source  of  potable  water 
within  the  vicinity  of  the  site,  although  there  may  be  shallow  wells  that  provide 
industrial  water  to  the  Base  (Stewart,  1997).  There  are  five  deep  on-Base  wells  that 
provide  potable  water  to  Columbus  AFB,  none  of  which  are  downgradient  from  the 
site.  Three  of  these  wells,  Wells  363,  604,  and  865,  are  screened  at  depths  of  386  ft  to 
426  ft  bgs,  396  ft  to  443  ft  bgs,  and  430  ft  to  470  ft  bgs,  respectively,  within  the 
Tuscaloosa  Group  of  the  Eutaw  Aquifer.  These  wells  are  located  approximately  4,050 
feet,  3,800  feet,  and  2,350  feet,  respectively,  southeast  of  the  site.  Columbus  AFB 
plans  to  connect  to  the  City  of  Columbus  water  system  in  1997,  and  subsequently 
abandon  these  three  wells  (Stewart,  1997).  Two  other  wells  of  unknown  depth,  Wells 
1812  and  2052,  also  supply  drinking  water  to  individual  buildings  on  the  Base.  These 
wells  are  located  approximately  5,050  feet  northwest  and  8,200  feet  northeast  of  the 
site.  The  four  closest  off-Base  private  wells,  Wells  R-83,  R-84,  R-85,  and  R-15,  are 
located  3,300  feet  east,  5,100  feet  southeast,  5,350  feet  southeast,  and  6,450  feet  south 
of  the  site,  respectively.  These  wells  are  screened  in  the  Eutaw  Aquifer  (CH2M  Hill, 
1989). 

3.4  CLIMATE 

The  climate  in  northeastern  Mississippi  is  typified  by  short,  cool  winters  and  hot, 
humid  summers.  Precipitation  averages  56  inches  per  year,  and  is  evenly  distributed 
throughout  the  year. 
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SECTION  4 

NATURE  AND  EXTENT  OF  CONTAMINATION  GROUNDWATER 
AND  SOIL  AND  GEOCHEMISTRY 

4.1  SOURCE  OF  CONTAMINATION 

The  periodic  releases  of  gasoline  and  oil  from  the  four  former  USTs  and  associated 
piping  have  been  identified  as  the  source  of  contamination  at  Site  ST-24.  However, 
neither  the  duration  nor  the  volume  of  fuel  leakage  into  the  soil  is  known.  Currently  at 
Site  ST-24,  no  visibly  contaminated  surface  soils  or  stressed  vegetation  is  present. 

4.2  SOIL  CHEMISTRY 

During  the  November  1996  investigation,  four  soil  samples  were  collected  from  four 
locations  at  Site  ST-24.  These  soil  sampling  locations  were  identified  as  MPA,  MPC, 
MPD,  and  MPF  (Figure  2.1).  Three  of  the  samples  (MPA,  MPC,  MPD)  were 
analyzed  for  BTEX,  trimethylbenzenes  (TMBs),  total  recoverable  petroleum 
hydrocarbons  (TRPH),  and  VOCs.  The  fourth  sample,  MPF,  was  analyzed  for  TRPH, 
chlorinated  VOCs,  and  total  organic  carbon  (TOC)  only.  Samples  taken  from  locations 
MPA,  MPC,  and  MPD  were  collected  from  soils  just  above  the  groundwater  table. 
The  MPF  soil  sample  was  taken  from  below  the  groundwater  table  surface.  Site  soils 
were  previously  characterized  in  November  1994  (CH2M  Hill,  1995),  when  soil 
samples  were  collected  from  11  locations  at  depths  of  4  and  9  feet  bgs.  The  1994 
samples  were  analyzed  for  BTEX,  total  petroleum  hydrocarbons  (TPH),  lead,  and 
trichloroethene  (TCE).  Analytical  results  from  the  1994  soil  investigation  suggest  that 
low  levels  of  fuel  hydrocarbon,  lead,  and  chlorinated  solvent  contamination  exists 
throughout  the  shallow  soils.  Specific  results  of  the  CH2M  Hill  soil  investigation  are 
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provided  in  Appendix  B.  The  observed  low  concentrations  of  soil  contaminants  suggest 
that  residual  soil  contamination  is  no  longer  a  significant  source  for  dissolved 
groundwater  contamination  at  ST-24. 

l 

4.2.1  Soil  BTEX 

In  November  1996,  detectable  concentrations  of  BTEX,  TMB,  and  1,2, 3, 4- 
tetramethylbenzene  (TEMB)  compounds  were  present  in  the  soil  samples  collected  from 
MPA  and  MPC.  Elevated  soil  concentrations  of  TMB  and  TEMB  compounds  indicate 
that  selective  mass  reduction  of  BTEX  compounds  has  occurred  in  site  soils.  At  MPA, 
the  only  BTEX  compound  detected  above  method  detection  limits  was  total  xylenes. 
Of  all  the  BTEX  compounds,  xylenes  sorb  the  most  strongly  to  soils;  in  addition, 
xylenes  are  less  soluble  in  water  than  benzene,  toluene,  and  ethylbenzene.  The 
combined  effects  of  high  sorptivity,  low  solubility,  and  higher  initial  mass  fraction, 
would  result  in  a  longer  residence  time  for  xylenes  in  the  solid  matrix  than  the  other 
BTEX  compounds.  This  explains  the  lone  xylenes  observation  in  the  soil  sample  taken 
from  MPA.  Elevated  TRPH  results  from  the  MPA  sample  suggest  that  fuel 
hydrocarbons  other  than  the  BTEX  compounds  are  present  in  site  capillary  fringe  soils 
near  MPA.  The  majority  of  compounds  included  in  the  TRPH  grouping  also  are  more 
sorptive  and  less  soluble  than  benzene.  Soil  analytical  results  from  the  November  1996 
sampling  event  are  presented  in  Table  4.1. 

4.2.2  Total  Organic  Carbon 

TOC  concentrations  are  used  to  estimate  the  amount  of  organic  matter  sorbed  to  soil 
particles  or  trapped  in  the  interstitial  passages  of  a  soil  matrix.  The  TOC  concentration 
in  the  saturated  zone  is  an  important  parameter  used  to  estimate  the  amount  of 
contaminant  that  could  potentially  be  sorbed  to  the  aquifer  matrix.  Sorption  results  in 
retardation  of  the  contaminant  plume  relative  to  the  average  advective  groundwater 
velocity.  In  addition,  TOC  can  be  used  as  a  gross  indicator  of  organic  compounds  that 
are  available  as  a  source  of  carbon  and  electrons  (i.e.,  substrate)  for  microbial  activity. 
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TABLE  4.1 

SOIL  ANALYTICAL  DATA 
SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 
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TOC  content  was  analyzed  for  in  the  sample  collected  from  an  upgradient  location 
(MPF  (9-12  feet  bgs)).  TOC  was  not  detected  above  the  laboratory  detection  limit  of 
0.6  percent.  However,  this  detection  limit  is  high,  suggesting  that  contaminant 
retardation  could  be  significant  in  site  soils. 

4.3  GROUNDWATER  CHEMISTRY 

Three  lines  of  evidence  can  be  used  to  document  the  occurrence  of  natural 
attenuation:  1)  geochemical  evidence;  2)  documented  loss  of  contaminant  mass  at  the 
field  scale;  and  3)  microcosm  studies.  The  first  line  of  evidence  (geochemical 
evidence)  is  the  one  used  in  this  TS  to  support  the  occurrence  of  natural  attenuation  at 
Site  ST-24.  Because  this  line  of  evidence  strongly  suggests  that  natural  attenuation  is 
occurring  at  this  site,  and  contaminant  loss  can  be  documented  through  long-term 
groundwater  monitoring,  a  microcosm  study  was  not  deemed  necessary. 

4.3.1  Dissolved  Hydrocarbon  Contamination 

The  areal  distribution  of  total  dissolved  BTEX  in  groundwater  for  November  1996  is 
presented  on  Figure  4.1.  At  monitoring  well/point  clusters,  isopleths  are  drawn  on  the 
basis  of  the  highest  observed  concentration,  which  at  all  locations  was  from  the 
shallower  groundwater  monitoring  well/point  (Table  4.2).  However,  due  to  poor 
recovery  from  some  of  the  deeper  monitoring  points  not  all  of  the  18  newly  installed 
point  were  sampled  in  November  1996.  The  areal  extent  of  the  dissolved  BTEX  plume 
defined  by  the  10-microgram-per-liter  (pg/L)  contour  is  approximately  48,750  square 
feet  (1.1  acres).  Because  of  advective/dispersive  transport  mechanisms  associated  with 
groundwater  flow  (Figure  3.5),  the  dissolved  BTEX  plume  is  migrating  from  the 
source  area  along  a  south  to  southwest  flow  path  toward  Buildings  8696  and  8697. 

The  vertical  distribution  of  dissolved  BTEX  along  the  main  axis  of  the  plume, 
approximately  parallel  to  the  direction  of  groundwater  flow,  is  presently  unknown. 
Within  the  source  area,  a  total  BTEX  concentration  of  601  mg/L  was  detected  in  a 
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TABLE  4.2 

GROUNDWATER  QUALITY  DATA  SUMMARY 
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groundwater  sample  from  W70(d),  which  is  screened  at  approximately  27  to  27.5  feet 
bgs.  W70(d)  is  the  only  well  screened  below  20  feet  that  was  sampled  for  BTEX 
compounds;  several  other  deep  monitoring  points  were  installed  in  November  1996; 
however,  those  monitoring  points  exhibited  very  low  recovery.  A  clayey  layer  of 
undetermined  thickness  was  encountered  just  below  W70(d).  A  comparison  of  total 
BTEX  concentrations  in  samples  collected  from  W70(s)  and  W70(d)  show  that 
dissolved  BTEX  concentrations  in  the  deep  well  decreased  to  approximately  10  percent 
of  the  total  BTEX  concentration  observed  in  the  shallow  well.  However,  benzene 
concentrations  in  both  the  shallow  and  deep  well  are  comparable,  suggesting  that  at  the 
plume  core,  degradation  processes  are  not  as  effective  at  removing  benzene  from  the 
system  as  the  other  BTEX  compounds. 

Total  BTEX  concentrations  in  groundwater  ranged  from  not  detected  at  wells  W68, 
W69,  W74,  MPG,  MPI,  MPJ,  and  MPK  (s  and  d)  to  20,950  pg/L  at  MPC/MPM. 
Well  MPC/MPM  is  adjacent  to  Independence  Avenue,  just  west  of  the  former  service 
station  (Figure  4.1).  This  area  is  reported  by  Base  personnel  to  have  formerly  housed 
the  three  gasoline  USTs  and  fuel  dispensers.  At  MPF,  just  downgradient  from  where 
the  waste  oil  UST  was  located,  a  low  total  dissolved  BTEX  concentration  of  1.3  pg/L 
was  detected.  Total  volatile  hydrocarbons  (TVH)  (normalized  to  a  gasoline  standard) 
were  analyzed  for  in  all  November  1996  groundwater  samples.  The  results  of  the  TVH 
analyses  are  shown  on  Figure  4.2  and  are  listed  in  Table  4.2.  Concentrations  of  BTEX 
were  detected  in  all  groundwater  samples  where  TVH  was  detected.  Dissolved  TVH 
concentrations  ranged  from  0. 1  to  55  mg/L.  As  with  the  vertical  delineation  described 
above,  benzene  does  not  appear  to  be  degrading  as  quickly  as  the  other  BTEX 
compounds.  Benzene  is  approximately  1.5  to  8  percent  of  total  dissolved  BTEX  at 
monitoring  points  MPM  and  MPB  (the  source  area).  However,  further  downgradient 
at  monitoring  points  MPL  and  MPH,  benzene  is  approximately  52  to  68  percent  of 
total  dissolved  BTEX  contamination.  This  difference  in  the  mass  fraction  of  benzene 


4-7 


I:\PROJECTS\729691\COLUMBV24RNATS\5.DOC 


L:\COLUMBU3^Mll\970N0405,  07/11/97  at  12:11 


,wv 

\v  \  xv 


A\\\m 

u\W\^ 


>\\\\\N 


■I'^r3 


j  H . f 


\  2.0 


/4  [  MPG®  7\/XM^(s) 

/  />l  ND  (  ®30\ 

N//>  *  1  4\ 

.A.  ;  :  1 

$>//  /  ///  r  !  4 

wT////  W77Ks)|  t  MPC/M 

V///7  0.1  A  I  |55 


4\W70(S) 


^  r;  i  W7i 

i  Kn1  irnVi  mph/s)  >  10j 

ND  ;  5  iU  1.0  /  ^ 


wol4- 


'MPD  (a) 

3.1 


C  1 1 1 1 


I  Lmpf 
$0.1 


LEGEND 

®  MONITORING  POINT  WITH  DISSOLVED 
2-°  TVH-GASOUNE  CONCENTRATION  (mg/L) 

Wn^-^-  MONITORING  WELL  WITH  DISSOLVED 
al  T  TVH-GASOUNE  CONCENTRATION  (mg/L) 


APPROXIMATE  GROUNDWATER 
FLOW  DIRECTION 


—  1  —  UNE  OF  EQUAL  TVH  CONCENTRATION  (mg/L) 


<K<s)\ 


0  50  100 


FIGURE  4.2 

TVH  IN  GROUNDWATER 
ISOPLETH  MAP 
NOVEMBER  1996 


Site  ST-24  RNA  TS 
Columbus  AFB,  Mississippi 


PARSONS 

ENGINEERING  SCIENCE, INC. 

Denver,  Colorado 


4-8 


DRAFT 


suggests  that  dissolved  toluene,  ethylbenzene,  and  xylenes  are  being  preferentially 
attenuated  over  benzene  at  the  site. 

Although  the  areas  of  dissolved  contamination  correlate  between  the  1994  and  the 
November  1996  sampling  events,  a  more  thorough  comparison  of  historical  dissolved 
BTEX  concentrations  to  data  collected  in  November  1996  is  not  performed  in  this  TS 
for  several  important  reasons.  First,  observed  dissolved  BTEX  concentrations  in 
groundwater  monitoring  wells  in  November  1996  are  generally  higher  than  reported 
historical  concentrations.  The  increase  in  dissolved  BTEX  concentrations  is  not 
believed  to  indicate  an  actual  increase  in  dissolved  contaminant  mass,  but  rather  to 
reflect  the  result  of  differing  sampling  techniques  from  sampling  event  to  sampling 
event.  Parsons  ES  minimized  sample  disturbance  by  using  a  micropurge  technique,  as 
described  in  Section  2.  Purging  and  sampling  at  a  low  flow  rate  with  a  peristaltic 
pump  minimizes  evaporation  (boiling)  of  the  water  in  the  suction  line  due  to  decreased 
pressures,  minimizes  excess  mixing  and  aeration  in  the  sample  container,  and  ensures 
that  the  well  does  not  become  dry  (entrain  air  in  the  suction  line).  In  addition, 
although  monitoring  points  installed  in  November  1996  were  placed  approximately  in 
the  location  of  Geoprobe®  grab  samples  taken  in  1994  (CH2M  Hill,  1995)  actual 
screened  intervals  do  not  correspond  well  enough  with  the  1994  grab  sample  intervals 
to  support  direct  comparison  of  observed  dissolved  BTEX  concentrations  from  the  two 
sampling  events. 

4.3.2  Chlorinated  Solvent  Contamination 

Although  low  concentrations  of  chlorinated  solvents  have  previously  been 
documented  in  soil  and  groundwater  at  the  site,  groundwater  and  soil  samples  collected 
in  November  1996  do  not  confirm  the  earlier  reported  widespread,  low  levels  of 
chlorinated  solvent  contamination.  All  soil  and  groundwater  samples  collected  at  Site 
ST-24  were  analyzed  for  non-fuel-related  VOCs;  however  no  chlorinated  solvents  or 
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other  VOCs  were  detected  above  the  corresponding  soil  and  groundwater  detection 
limits. 

4.3.3  Inorganic  Chemistry  and  Geochemical  Indicators  of  BTEX  Biodegradation 

Numerous  laboratory  and  field  studies  have  shown  that  hydrocarbon-degrading 
bacteria  can  participate  in  the  degradation  of  many  of  the  chemical  components  of  jet 
fuel  and  gasoline,  including  the  BTEX  compounds  (e.g.,  Jamison  et  al.,  1975;  Atlas, 
1981,  1984,  and  1988;  Gibson  and  Subramanian,  1984;  Reinhard  et  al.,  1984;  Young, 
1984;  Bartha,  1986;  Wilson  et  al.,  1986,  1987,  and  1990;  Barker  et  al.,  1987; 
Baedecker  et  al.,  1988;  Lee,  1988;  Chiang  et  al.,  1989;  Grbic-Galic,  1989  and  1990; 
Cozzarelli  et  al.,  1990;  Leahy  and  Colewell,  1990;  Altenschmidt  and  Fuchs,  1991; 
Alvarez  and  Vogel,  1991;  Baedecker  and  Cozzarelli,  1991;  Ball  et  al.,  1991;  Bauman, 
1991;  Borden,  1991;  Brown  et  al.,  1991;  Edwards  et  al.,  1991  and  1992;  Evans  et  al., 
1991a  and  1991b;  Haag  et  al.,  1991;  Hutchins  and  Wilson,  1991;  Hutchins  et  al., 
1991a  and  1991b;  Beller  et  al.,  1992;  Bouwer,  1992;  Edwards  and  Grbic-Galic,  1992; 
Thierrin  et  al.,  1992;  Malone  et  al.,  1993;  Davis  et  al.,  1994).  Biodegradation  of  fuel 
hydrocarbons  can  occur  when  an  indigenous  population  of  hydrocarbon-degrading 
microorganisms  is  present  in  the  aquifer  and  sufficient  concentrations  of  electron 
acceptors,  nutrients,  and  electron  donors  such  as  fuel  hydrocarbons,  are  available  to 
these  organisms. 

Microorganisms  obtain  energy  for  cell  production  and  maintenance  by  facilitating 
thermodynamically  advantageous  redox  reactions  involving  the  transfer  of  electrons 
from  electron  donors  to  available  electron  acceptors.  This  results  in  the  oxidation  of 
the  electron  donor  and  the  reduction  of  the  electron  acceptor.  Electron  donors  at  the 
site  are  natural  organic  carbon  and  fuel  hydrocarbon  compounds.  Fuel  hydrocarbons 
are  completely  degraded  or  detoxified  if  they  are  utilized  as  the  primary  electron  donor 
for  microbial  metabolism  (Bouwer,  1992).  Electron  acceptors  are  elements  or 
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compounds  that  occur  in  relatively  oxidized  states,  and  include  oxygen,  nitrate,  ferric 
iron,  sulfate,  manganese,  nitrogen  gas,  and  carbon  dioxide. 

The  driving  force  of  BTEX  degradation  is  electron  transfer,  which  is  quantified  by 
the  Gibbs  free  energy  of  the  reaction  (AG°r)  (Stumm  and  Morgan,  1981;  Godsey, 
1994).  The  value  of  AG°r  represents  the  quantity  of  free  energy  consumed  or  yielded 
to  the  system  during  the  reaction.  Table  4.3  lists  stoichiometry  of  the  redox  equations 
involving  BTEX  and  the  resulting  AG°r.  Although  thermodynamically  favorable,  most 
of  the  reactions  involved  in  BTEX  oxidation  cannot  proceed  abiotically  because  of  the 
lack  of  activation  energy.  Microorganisms  are  capable  of  providing  the  necessary 
activation  energy;  however,  they  will  facilitate  only  those  redox  reactions  that  have  a 
net  yield  of  energy  (i.e.,  AG°r  <  0).  Microorganisms  preferentially  utilize  electron 
acceptors  while  metabolizing  fuel  hydrocarbons  (Bouwer,  1992).  DO  is  utilized  first  as 
the  prime  electron  acceptor.  After  the  DO  is  consumed,  anaerobic  microorganisms  use 
electron  acceptors  in  the  following  order  of  preference:  nitrate,  manganese,  ferric  iron 
hydroxide,  sulfate,  nitrogen  gas,  and  finally  carbon  dioxide. 

Depending  on  the  types  and  concentrations  of  electron  acceptors  present  (e.g., 
nitrate,  sulfate,  carbon  dioxide),  pH  conditions,  and  redox  potential,  anaerobic 
biodegradation  can  occur  by  denitrification,  ferric  iron  reduction,  sulfate  reduction,  or 
methanogenesis.  Other,  less  common  anaerobic  degradation  mechanisms  such  as 
manganese  reduction,  nitrogen  fixation,  or  nitrate  reduction  may  dominate  if  the 
physical  and  chemical  conditions  in  the  subsurface  favor  use  of  these  electron  acceptors 
or  processes.  Anaerobic  destruction  of  the  BTEX  compounds  is  associated  with  the 
accumulation  of  fatty  acids,  production  of  methane  and  ammonium,  solubilization  of 
iron  and  manganese,  and  reduction  of  nitrate  and  sulfate  (Cozzarelli  et  al.,  1990; 
Wilson  et  al.,  1990).  Environmental  conditions  and  microbial  competition  ultimately 
determine  which  processes  will  dominate.  Vroblesky  and  Chapelle  (1994)  show  that 
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TABLE  4.3 

COUPLED  OXIDATION  REACTIONS  FOR  BTEX  COMPOUNDS 

SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 


Coupled  Benzene  Oxidation  Reactions 

AG°r 

(kcal/mole 

Benzene) 

AG°r 

(kJ/mole 

Benzene) 

Stoichiometric  Mass 
Ratio  of  Electron 
Acceptor/Byproduct 
to  Compound 

7.50i  +  C6H6  =>  6C02,g  +3H20 

Benzene  oxidation  /aerobic  respiration 

-765.34 

-3202 

3.07:1 

6NCT3  +  6H+  +  C6H6  =>  6 C02,g  +  6H20  +  3N2.g 

Benzene  oxidation  / denitrification 

-775.75 

-3245 

4.77:1 

3.75  NO/  +  Cfl6  +  7.5  it  +  0. 75  Hfi  =>  6  CO 2  +  3.75  NH4+ 

Benzene  oxidation  /  nitrate  reduction 

-524.1 

-2193 

2.98:1 

60 H+  +  30Fe(OH)Ja  +  C6H6  =>  6C02  +  30Fe2+  +  78H20 

Benzene  oxidation  f  iron  reduction 

-560.10 

-2343 

21.5:1 

30 H+  +15MnQ 2  +  C6H6  =>  6COZg  +15Mn2+  +  18H20 

Benzene  oxidation  /  manganese  reduction 

-765.45 

-3202 

10.56:1 

75H*  +  3.15 SO2/  +  CiHe  =>  6C02.g  +  3.15H2S° +  3H20 

Benzene  oxidation  !  sulfate  reduction 

-122.93 

-514.3 

4.61:1 

5  N2  +  C(P6  +  10  H*  +  12  H20  =>  6  CO 2  +  10  NH/ 

Benzene  oxidation  f  nitrogen  fixation 

-104.8 

-437.9 

2.31:1 

4.5 H20  +  C6H6^>  2.25C02.g  +  3.75CH4 

Benzene  oxidation  /  methanogenesis 

-32.40 

-135.6 

0.77:1 

Coupled  Toluene  Oxidation  Reactions 

AG°r 

(kcal/mole 

Toluene) 

AG°r 

(kJ/mole 

Toluene) 

902  +  CtHsCH,  =>  7 C02.s  +  4H20 

Toluene  oxidation  /aerobic  respiration 

-913.76 

-3823 

7.2  NO']  +  7.2  H*  +  CtHsCHi  =>7C02.S  +7.6H20  +  3.6N2.g 
Toluene  oxidation /denitrification 

-926.31 

-3875 

4.5NO]'  +  W  +  0.5H2O  +  CfliCH]  =>7C02  +  4.5NHS 

Toluene  oxidation  /  nitrate  reduction 

-624.24 

-2609 

72 H*  +  36Fe(OH)3„  +  CtHsCHj  =>  7 CO 2  +  36Fe2*  +94H20 

Toluene  oxidation  /  iron  reduction 

-667.21 

-2792 

36 H*  +  18Mn02  +  C6HSCH3  =>  7COu  +18Mn2*  +  22HiO 
Toluene  oxidation  /  manganese  reduction 

-913.89 

-3824 

9H*  +  4.5SO i  +  CiHsCH]  =s>  7C02.t  +  4.5H2S°  +  4H20 

Toluene  oxidation  /  sulfate  reduction 

-142.86 

-597.7 

6  N2  +  CiHsCH]  +  12H*  +  l4Hfi  =>  7  C02  +  12  NH/ 

Toluene  oxidation  /  nitrogen  fixation 

-121.0 

-505.8 

5HiO  +  CeHsCH]  =>  2.5COi,  +  4.5CH4 

Toluene  oxidation  /  methanogenesis 

-34.08 

-142.6 

Stoichiometric  Mass 
Ratio  of  Electron 
Acceptor/Byproduct 
to  Compound 


3.13:1 


3.03:1 


21.86:1 


10.74:1 
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TABLE  4.3  (CONTINUED) 

COUPLED  OXIDATION  REACTIONS  FOR  BTEX  COMPOUNDS 

SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 


Coupled  Ethylbenzene  Oxidation  reactions 

AG°r 

(kcal/mole 

Ethyl¬ 

benzene) 

AG°r 

(kJ/mole 

Ethyl¬ 

benzene) 

Stoichiometric  Mass 
Ratio  of  Electron 
Acceptor/Byproduct 
to  Compound 

10.502  +  C6HsC2Hs  =>  8C02.t  +  5H20 

Ethylbenzene  oxidation  /aerobic  respiration 

-1066.13 

-4461 

3.17:1 

8.4 NO)  +  8.4 H*  +  C6HsC2Hs  =>  8C02,„  +  9.2H20  +  4.2N2.t 
Ethylbenzene  oxidation  /denitrification 

-1080.76 

-4522 

4.92:1 

5. 25 NO/  +  10.5H+  +  0.25H2O  +  C^isCfils  =>  8C02  +  5.25NH/ 
Ethylbenzene  oxidation  /  nitrate  reduction 

-746.04 

-3118 

3.07:1 

84H*  +  42Fe(OH)la  +  C6H,C2H,  =>  8C02  +  42Fe2*  +  U0H2O 
Ethylbenzene  oxidation  /  iron  reduction 

-778.48 

-3257 

22:1 

46 H*  +22Mn02  +  C6HSC2HS  =>  8C02.g  +22  Mn2*  +  28H20 
Ethylbenzene  oxidation  /  manganese  reduction 

-1066.27 

-4461 

11.39:1 

10.5  H*  +5.25SO }'  +  C6HsC2Hs  =>  8C02.g  +  5.25H2S“  +5H20 
Ethylbenzene  oxidation  /  sulfate  reduction 

-166.75 

-697.7 

4.75:1 

7  N2  +  CSsCfils  +  14  H*  +  I6H2O  =>8C02  +  14NH4* 
Ethylbenzene  oxidation  /  nitrogen  fixation 

-138.4 

-578.5 

2.38:1 

5.5 H20  +  CfHsCiHs  =>  2.75C02,S  +  5.25CH4 

Ethylbenzene  oxidation  /  methanogenesis 

-39.83 

-166.7 

0.79:1 

AG°r  AG°r  Stoichiometric  Mass 

Coupled  m-Xylene  Oxidation  Reactions  (kcal/mole  (kJ/mole  Ratio  of  Electron 

m-xylene)  m-xylene)  Acceptor/Byproduct 

_ _ to  Compound 


10.5 02  +  CtHiiCHih  =>  8C02.t  +5H20 
m-Xylene  oxidation  /aerobic  respiration 

-1063.25 

-4448 

3.17:1 

8.4 NO)  +  8.4 H*  +  C6H4(CHj)2  =>  8C02.t  +  9.2H20  +  4.2N2., 
m-Xylene  oxidation  /  denitrification 

-1077.81 

-4509 

4.92:1 

5.25NO /  +  10.5ET  +  0.25 H20  +  Cfl4(CH3)2  =>  8C02  +  5.25NH / 
m-Xylene  oxidation  /  nitrate  reduction 

-743.52 

-3108 

3.07:1 

84 H*  +  42Fe(OH ) Ja  +  C6H4(CH3)2  =>  8C02  +  42Fe2*  +  U0H2O 
m-Xylene  oxidation  /  iron  reduction 

-775.61 

-3245 

22:1 

46  iT  +  22Mn02+  C6H4(CHJ)2  =>  8C02  +  22Un‘‘r  +  28  H20 
m-Xylene  oxidation  /  manganese  reduction 

-1063.39 

-4449 

11.39:1 

10.5 H*  +  5.25 SOl'  +  C6H4(CH3)2  =>  8C02.t  +5.25H2S°  +5H20 
m-Xylene  oxidation  /  sulfate  reduction 

-163.87 

-685.6 

4.75:1 

7N2  +  CJ14(CH])2  +  14  H*  +  16H20  =>8C02  +  14NH4* 
m-Xylene  oxidation  l  nitrogen  fixation 

-141.3 

-590.6 

2.38:1 

5.5 H20  +  C6H4(CH,)2  =>  2.75 COu  +5.25CH4 
m-Xylene  oxidation  /  methanogenesis 

-36.95 

-154.6 

0.79:1 
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the  dominant  terminal  electron  accepting  process  can  vary  both  temporally  and  spatially 
in  an  aquifer  with  fuel  hydrocarbon  contamination. 

The  November  1996  groundwater  samples  were  analyzed  for  the  geochemical 
parameters  listed  in  Table  2.1.  Results  for  these  analyses  are  presented  in  Table  4.4. 
Site  groundwater  data  for  DO  suggest  that  natural  attenuation  of  hydrocarbons  in  the 
shallow  aquifer  is  occurring  by  aerobic  biodegradation.  In  addition,  data  for 
nitrate/nitrite,  ferrous  iron,  soluble  manganese,  sulfate,  ammonium,  and  methane 
suggest  that  anaerobic  degradation  via  denitrification,  iron  reduction,  manganese 
reduction,  sulfate  reduction,  nitrogen  fixation,  and  methanogenesis  is  occurring. 
Geochemical  parameters  for  site  groundwater  are  discussed  in  the  following  sections. 

In  the  following  sections,  the  assumption  that  BTEX  can  be  treated  as  a  given  ratio 
of  the  constituent  compounds  has  been  made  for  two  important  reasons.  First,  overall 
biodegradation  rates  for  each  of  the  compounds  are  very  similar  to  each  other.  Second, 
while  degradation  pathways  are  relatively  well  known  for  fuel  hydrocarbons,  the 
preferential  degradation  of  one  BTEX  compound  over  another  is  difficult  to  predict 
from  site  to  site,  spatially  or  temporally.  For  instance,  at  Site  ST-24,  while  toluene, 
ethylbenzene,  and  xylenes  (TEX)  appear  to  attenuate  more  rapidly  than  benzene  within 
the  anaerobic  regions  of  the  contaminant  plume,  it  is  not  possible  to  draw  conclusions 
regarding  the  individual  TEX  compounds.  Furthermore,  benzene  attenuation  appears 
to  vary  throughout  the  plume,  with  higher  rates  observed  toward  the  aerobic  plume 
fringes.  In  order  to  avoid  making  inaccurate  conclusions  on  which  BTEX  compounds 
are  degraded  and  when  or  where  they  are  degraded  in  any  given  groundwater  system, 
the  compounds  are  treated  as  a  ratio.  This  ratio  provides  a  basis  for  more  reliable 
conclusions  about  the  spatial  and  temporal  biodegradation  of  BTEX  as  one 
contaminant. 
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4.3.3. 1  Dissolved  Oxygen 

DO  concentrations  measured  in  groundwater  samples  from  monitoring  wells  and 
points  in  November  1996  ranged  from  0.19  mg/L  to  8.52  mg/L  (Table  4.4).  Figure 
4.3  is  an  isopleth  map  showing  the  distribution  of  DO  concentrations  in  shallow 
groundwater.  Comparison  of  Figures  4.1  and  4.3  reveals  that  the  area  of  depleted  DO 
corresponds  to  the  area  of  dissolved  BTEX,  thereby  providing  strong  evidence  that 
aerobic  biodegradation  of  BTEX  compounds  is  occurring  at  Site  ST-24.  Given  that 
groundwater  samples  upgradient,  downgradient,  and  cross-gradient  from  the  source 
area  had  high  DO  levels,  it  is  likely  that  DO  is  an  important  electron  acceptor  at  this 
site. 

The  stoichiometry  of  BTEX  mineralization  to  carbon  dioxide  and  water  caused  by 
aerobic  microbial  biodegradation  is  presented  in  Table  4.3.  The  average  mass  ratio  of 
oxygen  to  total  BTEX  is  approximately  3.14  to  1.  This  translates  to  the  mineralization 
of  approximately  0.32  mg  of  BTEX  for  every  1.0  mg  of  DO  consumed.  With  a  site 
background  DO  concentration  of  approximately  6.2  milligrams  per  liter  (mg/L) 
measured  at  MPK(s)  and  a  decreased  DO  concentration  in  the  source  area  of 
approximately  0.2  mg/L,  the  shallow  groundwater  at  this  site  has  the  capacity  to 
assimilate  1.93  mg/L  (1,930  pg/L)  of  total  BTEX  through  aerobic  biodegradation. 
This  is  a  conservative  estimate  of  the  assimilative  capacity  of  DO  because  the  recharge 
of  oxygen  through  upgradient  sources  and  precipitation  infiltration  has  not  been 
considered. 

Furthermore,  as  a  microbial  population  in  the  groundwater  grows  in  response  to  the 
introduction  of  fuel  hydrocarbons  into  the  groundwater,  new  cell  mass  is  generated. 
When  cell  mass  production  is  accounted  for,  the  mineralization  of  benzene  to  carbon 
dioxide  and  water  is  given  by: 

C6H6  +  2.502  +  HC03  +  NH4  C5H702N  +  2C02  +  2H20 
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This  equation  indicates  that  5.0  fewer  moles  of  DO  are  required  to  mineralize  1 
mole  of  benzene  when  cell  mass  production  is  taken  into  account.  On  the  basis  of  these 
stoichiometric  relationships,  1.03  mg  of  oxygen  are  required  to  mineralize  1  mg  of 
benzene,  if  cell  mass  production  is  taken  into  account.  Similar  calculations  can  be 
made  for  toluene,  ethylbenzene,  and  the  xylenes.  These  relationships  show  that  on 
average,  approximately  0.95  mg  of  BTEX  is  mineralized  to  carbon  dioxide  and  water 
for  every  1.0  mg  of  DO  consumed. 

Although  this  process  results  in  more  efficient  utilization  of  electron  acceptors,  it  is 
only  applicable  as  the  net  cell  mass  of  the  microbial  population  continues  to  grow. 
Because  groundwater  contamination  has  been  present  at  Site  ST-24  for  several  years,  it 
is  expected  that  biomass  production  represents  only  a  small  percentage  of  the  overall 
energy  use  because  the  assimilation  of  BTEX  has  reached  steady-state.  Therefore,  the 
cell  mass  reaction  equations  no  longer  applies,  and  the  assimilative  capacity  estimate 
based  on  no  biomass  production  is  considered  more  accurate.  The  steady-state 
production  of  cell  mass  as  applied  to  anaerobic  mechanisms  is  also  likely,  and  the 
following  estimates  of  anaerobic  assimilative  capacity  given  in  the  following 
subsections  assume  steady-state  microbial  populations  (i.e.,  biomass  production 
represents  a  very  small  fraction  of  energy  use). 

4.3.3.2  Nitrate/Nitrite 

Concentrations  of  nitrate/nitrite  [as  nitrogen  (N)]  were  measured  in  groundwater 
samples  collected  in  November  1996.  Table  4.4  summarizes  measured  nitrate/nitrite  (as 
N)  concentrations.  Nitrite  was  not  measured  above  the  detection  limit  in  any  site 
groundwater  sample.  Figure  4.4  presents  the  distribution  of  nitrate  (as  N)  in 
groundwater.  The  data  suggest  that  reduced  nitrate  concentrations  correspond  to  areas 
of  groundwater  BTEX  contamination,  and  that  nitrate  is  an  electron  acceptor  at  this 
site.  Detectable  nitrate  concentrations  at  the  site  ranged  from  0. 1  to  2.5  mg/L. 
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In  the  absence  of  microbial  cell  production,  the  stoichiometry  of  BTEX 
mineralization  to  carbon  dioxide,  water,  and  nitrogen  through  denitrification  is 
presented  in  Table  4.3.  The  average  mass  ratio  of  nitrate  to  total  BTEX  is 
approximately  4.9  to  1.  This  translates  to  the  mineralization  of  approximately  0.20  mg 
of  BTEX  for  every  1.0  mg  of  nitrate  consumed.  This  ratio  of  nitrate  consumption 
assumes  that  nitrate/nitrogen  is  reported  as  nitrate  (N03)  rather  than  elemental  nitrogen 
(N).  The  nitrate  nitrogen  concentrations  shown  in  Table  4.4  are  reported  as  N,  and 
must  be  multiplied  by  4.42  to  be  converted  into  nitrate  nitrogen  concentrations  as  N03. 

Assuming  a  background  concentration  from  upgradient  well  W68  of  2.5  mg/L  (as 
N)  or  11.1  mg/L  (as  N03)  and  a  source  area  nitrate  concentration  of  0.1  mg/L  (as  N) 
or  0.4  mg/L  (as  N03),  the  shallow  groundwater  has  the  capacity  to  assimilate  2.14 
mg/L  (2,140  mg/L)  of  total  BTEX  through  denitrification.  Because  biomass 
accumulation  is  not  considered,  the  actual  assimilative  capacity  attributable  to 
denitrification  could  be  somewhat  higher. 

4.3. 3. 3  Ferrous  Iron 

Ferrous  iron  (Fe2+)  concentrations  were  measured  in  groundwater  samples  collected 
in  November  1996.  Measured  ferrous  iron  concentrations  range  from  not  detected  to 
63.75  mg/L.  Table  4.4  summarizes  ferrous  iron  concentrations,  and  Figure  4.5 
presents  an  isopleth  map  showing  the  distribution  of  ferrous  iron  in  groundwater. 
Comparison  of  Figures  4.1,  4.3,  and  4.5  indicates  that  ferrous  iron  is  being  produced 
in  the  anaerobic  portion  of  the  BTEX  plume  due  to  the  reduction  of  ferric  iron 
hydroxide  (Fe3+)  during  anaerobic  biodegradation  of  BTEX  compounds.  Background 
ferrous  iron  concentrations  are  less  than  0.01  mg/L,  as  measured  at  wells  with  little  or 
no  BTEX  concentration.  Groundwater  from  monitoring  MPB(s)  had  the  highest 
observed  ferrous  iron  concentration  of  63.75  mg/L  of  Fe2+.  Elevated  ferrous  iron 
concentrations  are  a  strong  indication  that  anaerobic  biodegradation  of  BTEX 
compounds  is  occurring  in  the  shallow  groundwater  through  iron  reduction. 
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The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide,  ferrous  iron,  and  water  by 
microbial  iron  reduction  is  presented  in  Table  4.3.  On  average  37.5  moles  of  ferric 
iron  hydroxide  are  required  to  metabolize  one  mole  of  total  BTEX.  Conversely,  an 
average  of  37.5  moles  of  ferrous  iron  are  produced  for  each  mole  of  total  BTEX 
consumed.  On  a  mass  basis,  this  translates  to  approximately  21.8  mg  ferrous  iron 
produced  for  each  1  mg  of  total  BTEX  metabolized.  Given  a  background  ferrous  iron 
concentration  of  less  than  0.01  mg/L  and  a  maximum  observed  ferrous  iron 
concentration  of  63.8  mg/L,  the  groundwater  at  Site  ST-24  has  the  capacity  to 
assimilate  2.93  mg/L  (2,930  /xg/L)  of  total  BTEX  through  iron  reduction.  This  is  a 
conservative  estimate  of  the  assimilative  capacity  of  iron  because  the  calculation  is 
based  on  observed  ferrous  iron  concentrations  and  not  on  the  amount  of  ferric 
hydroxide  available  in  the  aquifer.  Therefore,  iron  assimilative  capacity  could  be  much 
higher. 

Research  suggests  that  the  reduction  of  ferric  iron  to  ferrous  iron  cannot  proceed  at 
all  without  microbial  mediation  (Lovley  and  Phillips,  1988;  Lovley  et  al.,  1991; 
Chapelle,  1993).  None  of  the  common  organic  compounds  found  in  low-temperature, 
neutral,  reducing  groundwater  could  reduce  ferric  oxyhydroxides  to  ferrous  iron  under 
sterile  laboratory  conditions  (Lovley  et  al.,  1991).  This  means  that  the  reduction  of 
ferric  iron  requires  microbial  mediation  by  microorganisms  with  the  appropriate 
enzymatic  capabilities.  Because  the  reduction  of  ferric  iron  cannot  proceed  without 
microbial  intervention,  the  elevated  concentrations  of  ferrous  iron  that  were  measured 
in  the  contaminated  groundwater  at  the  site  are  very  strong  indicators  of  microbial 
activity. 

4.3.3.S  Soluble  Manganese 

Soluble  manganese  (Mn2+)  concentrations  were  measured  in  groundwater  samples 
collected  in  November  1996.  Table  4.4  summarizes  soluble  manganese  concentrations, 
which  ranged  from  below  instrument  detection  limits  to  5.4  mg/L  in  the  groundwater 
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samples  collected  from  Site  ST-24.  Figure  4.6  is  an  isopleth  map  showing  the  areal 
extent  of  soluble  manganese  in  shallow  groundwater.  Comparison  of  Figures  4.6  and 
4.1  shows  graphically  that  soluble  manganese  is  elevated  above  1  mg/L  within  and 
southwest  of  the  areas  with  the  highest  BTEX  concentrations.  Soluble  manganese 
concentrations  in  shallow  groundwater  were  most  elevated  in  the  downgradient 
southwest  portion  of  the  dissolved  BTEX  plume.  Background  concentrations  of  soluble 
manganese  in  the  aquifer  are  generally  less  than  0. 1  mg/L. 

The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide,  soluble  manganese,  and 
water  by  manganese  reduction  through  anaerobic  microbial  biodegradation  is  presented 
in  Table  4.3.  On  average,  19  moles  of  manganese  are  required  to  metabolize  one  mole 
of  total  BTEX.  Conversely,  an  average  of  19  moles  of  soluble  manganese  are 
produced  for  each  mole  of  total  BTEX  consumed.  On  a  mass  basis,  this  translates  to 
approximately  11  mg  of  soluble  manganese  produced  for  each  1  mg  of  total  BTEX 
metabolized.  Given  a  background  soluble  manganese  concentration  of  less  than  0.1 
mg/L  and  a  maximum  detected  soluble  manganese  concentration  in  the  source  area  of 
5.4  mg/L,  the  shallow  groundwater  has  the  capacity  to  assimilate  approximately  0.49 
mg/L  (490  pg/L)  of  total  BTEX  through  manganese  reduction.  This  assimilative 
capacity  is  a  conservative  estimate  because  calculations  are  based  on  observed  soluble 
manganese  concentrations  and  not  on  the  amount  of  manganese  dioxide  available  in  the 
aquifer.  Therefore,  BTEX  assimilative  capacity  through  this  process  could  be  much 
higher. 

4.3.3.6  Sulfate 

Sulfate  concentrations  were  measured  in  groundwater  samples  collected  in 
November  1996.  Sulfate  concentrations  at  the  site  ranged  from  not  detected  to 

14.6  mg/L.  Table  4.4  summarizes  measured  sulfate  concentrations.  Figure  4.7  is  an 
isopleth  map  showing  the  areal  extent  of  sulfate  in  groundwater.  Comparison  of 
Figures  4.7  and  4.1  shows  graphically  that  the  areas  of  depleted  sulfate  concentrations 
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coincide  with  areas  of  groundwater  BTEX  contamination.  This  relationship  is  a  strong 
indication  that  anaerobic  biodegradation  of  BTEX  compounds  is  occurring  in  the 
shallow  groundwater  through  the  microbially  mediated  process  of  sulfate  reduction. 

The  stoichiometry  of  BTEX  mineralization  to  carbon  dioxide,  sulfur,  and  water  by 
sulfate  reduction  through  anaerobic  microbial  biodegradation  is  presented  in  Table  4.3. 
The  average  mass  ratio  of  sulfate  to  total  BTEX  is  approximately  4.7  to  1.  This 
translates  to  the  mineralization  of  approximately  0.21  mg  of  total  BTEX  for  every 
1.0  mg  of  sulfate  consumed.  Shallow  sulfate  concentrations  at  several  upgradient  and 
side  gradient  locations  ranged  from  3.5  mg/L  to  1.3  mg/L,  with  an  average 
concentration  of  approximately  2.0  mg/L.  Assuming  a  background  sulfate 
concentration  of  2.0  mg/L  and  a  minimum  sulfate  concentration  in  the  source  area  of 
less  than  0.1  mg/L,  the  shallow  groundwater  at  this  site  has  the  capacity  to  assimilate 
0.42  mg/L  (420  mg/L)  of  total  BTEX  through  sulfate  reduction. 

4.3. 3. 7  Ammonium 

The  presence  of  ammonium  in  groundwater  can  result  from  either  nitrate  reduction 
(facilitated  by  microbes)  or  fixing  of  atmospheric  nitrogen  (also  a  microbial  process). 
The  production  of  cell  mass  is  expected  to  be  minimal  as  a  result  of  the  plume  age; 
however,  the  fixation  of  atmospheric  nitrogen  may  occur  under  the  strongly  anaerobic, 
methanogenic  conditions  observed  at  the  site.  The  presence  of  ammonium  in 
groundwater  is  a  strong  indication  of  microbial  activity. 

Ammonium  (as  N)  concentrations  measured  in  groundwater  samples  collected  in 
November  1996  are  summarized  in  Table  4.4.  Figure  4.8  presents  the  areal  extent  of 
dissolved  ammonium  (as  N)  observed  at  Site  ST-24.  The  average  background 
ammonium  concentration  at  Site  ST-24  was  less  than  0. 1  mg/L,  whereas  source  area 
concentrations  were  measured  in  excess  of  10  mg/L  at  MPB(s).  Based  on  simple 
stochiometric  calculations,  the  background  nitrate  concentrations  are  not  high  enough  to 
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produce  10  mg/L  of  ammonium  via  nitrate  reduction;  therefore,  nitrogen  fixation  must 
be  occurring  at  Site  ST-24. 

The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide  and  ammonium  by 
microbial  nitrogen  fixation  is  presented  in  Table  4.3.  On  average  6.5  moles  of 
nitrogen  gas  (N2)  are  required  to  metabolize  one  mole  of  total  BTEX.  Conversely,  an 
average  of  13  moles  of  ammonium  are  produced  for  each  mole  of  total  BTEX 
consumed.  On  a  mass  basis,  this  translates  to  approximately  2.4  mg  of  ammonium 
produced  for  each  1  mg  of  total  BTEX  metabolized.  This  ratio  of  ammonium 
production  assumes  that  ammonium/nitrogen  is  reported  as  ammonium  (NH4+)  rather 
than  elemental  nitrogen  (N).  The  ammonium  nitrogen  concentrations  shown  in  Table 
4.4  are  reported  as  N,  and  must  be  multiplied  by  1.29  to  be  converted  into  ammonium 
concentrations  as  NH4+.  Given  a  background  ammonium  (as  NH4+)  concentration  of 
less  than  0.13  mg/L  and  a  maximum  observed  ammonium  concentration  of  12.9  mg/L 
(as  NH4+),  the  groundwater  at  Site  ST-24  has  the  capacity  to  assimilate  5.38  mg/L 
(5,380  y.gl'L)  of  total  BTEX  through  nitrogen  fixation.  This  is  a  conservative  estimate 
of  the  assimilative  capacity  of  nitrogen  fixation  because  the  calculation  is  based  on 
observed  ammonium  concentrations  and  not  on  the  amount  of  nitrogen  gas  available  in 
the  aquifer.  Therefore,  the  nitrogen  fixation  assimilative  capacity  could  be  much 
higher. 

4.3.3.8  Methane  in  Groundwater 

Methane  concentrations  were  measured  in  groundwater  samples  collected  in 
November  1996.  Table  4.4  summarizes  methane  concentrations,  which  ranged  from 
below  the  method  detection  limit  to  2.06  mg/L  at  the  site.  Figure  4.9  is  an  isopleth 
map  showing  the  distribution  of  methane  in  groundwater.  Comparison  of  Figures  4.9 
and  4.1  shows  graphically  that  elevated  methane  concentrations  occur  in  areas  with 
high  dissolved  BTEX  concentrations.  The  highest  methane  concentrations  were 
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detected  at  MPD(s)  and  MPH(s),  which  suggests  that  carbon  dioxide  becomes  a  more 
favorable  electron  acceptor  approximately  100  feet  downgradient  from  the  source. 

The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide  and  methane  by 
methanogenesis  is  presented  in  Table  4.3.  On  average,  approximately  1  mg  of  total 
BTEX  is  degraded  for  every  0.78  mg  of  methane  produced.  Given  a  maximum 
detected  methane  concentration  of  2.06  mg/L  and  the  assumption  of  negligible  methane 
concentrations  in  background  groundwater,  the  shallow  groundwater  has  the  expressed 
capacity  to  assimilate  approximately  2.6  mg/L  (2,600  pg/L)  of  total  BTEX  through 
methanogenesis.  This  is  a  conservative  estimate  of  the  assimilative  capacity  through 
methanogenesis  because  these  calculations  are  based  on  observed  methane 
concentrations  and  not  on  the  amount  of  carbon  dioxide  (the  electron  acceptor  in 
methanogenesis)  available  in  the  aquifer.  As  methanogenesis  produces  more  carbon 
dioxide  than  it  consumes  (Table  4.3),  an  unlimited  supply  of  carbon  dioxide  is 
theoretically  available  once  the  process  of  methanogenesis  has  been  initiated. 
Methanogenesis  is  limited  by  the  rate  of  reaction  rather  than  the  source  of  electron 
receptors.  This  estimate  of  assimilative  capacity  also  conservatively  assumes  that  all  of 
the  produced  methane  remains  in  solution;  however,  this  assumption  is  not  realistic  as 
the  solubility  limit  of  methane  in  water  is  approached. 

4.3. 3. 9  Alkalinity  and  Carbon  Dioxide  Evolution 

Carbon  dioxide  is  produced  during  the  biodegradation  of  petroleum  hydrocarbons. 
In  aquifers  that  have  carbonate  minerals  as  part  of  the  matrix,  carbon  dioxide  forms 
carbonic  acid,  which  dissolves  these  minerals,  increasing  the  alkalinity  of  the 
groundwater.  Alkalinity  is  a  measure  of  the  ability  of  groundwater  to  buffer  changes  in 
pH  caused  by  the  addition  of  biologically  generated  acids.  An  increase  in  alkalinity 
(measured  as  CaC03)  in  an  area  with  BTEX  concentrations  elevated  above  background 
conditions  can  be  used  to  infer  the  amount  of  petroleum  hydrocarbon  destroyed  through 
aerobic  respiration,  denitrification,  ferric  iron  reduction,  and  sulfate  reduction.  In 
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addition,  carbon  dioxide  produced  in  these  aerobic  and  anaerobic  reactions  can  be 
cycled  in  the  methanogenic  reactions  to  continue  BTEX  biodegradation  through 
methanogenesis. 

Free  carbon  dioxide  and  total  alkalinity  (as  CaC03)  both  were  measured  in 
groundwater  samples  collected  in  November  1996.  Carbon  dioxide  and  alkalinity 
concentrations  are  summarized  in  Table  4.4  and  presented  on  Figures  4.10  and  4.11, 
respectively.  Free  carbon  dioxide  at  Site  ST-24  ranged  from  50  to  200  mg/L. 
Comparison  of  Figures  4.1  and  4.10  show  that  areas  with  elevated  dissolved  BTEX 
concentration  coincide  with  areas  of  elevated  carbon  dioxide  concentrations.  Total 
alkalinity  at  the  site  varied  from  less  than  1  mg/L  to  168  mg/L.  This  range  of 
alkalinity  may  be  sufficient  to  buffer  potential  changes  in  pH  caused  by  biologically 
mediated  BTEX  oxidation  reactions;  therefore,  data  support  the  inference  that  aerobic 
and/or  anaerobic  biodegradation  processes  can  occur  without  detrimental  shifts  in  pH. 
Comparison  of  Figures  4.11  and  4.1  show  increased  alkalinity  in  locations 
characterized  by  elevated  BTEX  concentrations  and  in  locations  just  downgradient  from 
high  BTEX  contamination.  Both  trends  suggest  that  groundwater  contamination  is 
being  reduced  to  C02  via  natural  attenuation  mechanisms.  The  C02  then  flows 
downgradient  and  is  incorporated  in  the  groundwater  system  thus  increasing  the  buffer 
capacity,  or  alkalinity. 

4.3.3.10  Reduction/Oxidation  Potential 

Redox  potential  was  measured  at  groundwater  monitoring  wells  and  points  in 
November  1996.  Redox  potential  is  a  measure  of  the  relative  tendency  of  a  solution  to 
accept  or  transfer  electrons.  The  redox  potential  of  a  groundwater  system  depends  on 
which  electron  acceptors  are  being  reduced  by  microbes  during  BTEX  oxidation.  The 
redox  potentials  at  the  site  range  from  338  millivolts  (mV)  to  -234  mV.  Table  4.4 
summarizes  available  redox  potential  data.  The  distribution  of  redox  potentials  is 
illustrated  graphically  on  Figure  4. 12.  As  expected,  areas  at  the  site  with  low  redox 
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potentials  appear  to  coincide  with  areas  of  elevated  BTEX  contamination,  decreased 
DO,  decreased  nitrate/nitrite  concentrations,  elevated  soluble  manganese  and  iron,  low 
sulfate  concentrations,  high  dissolved  ammonium  concentrations,  and  elevated  methane 
concentrations  (compare  Figure  4.12  with  Figures  4.1,  4.3,  4.4,  4.8  and  4.9). 

Figure  4.13  presents  the  redox  potential  range  (expressed  as  potential  energy,  pE) 
for  Site  ST-24.  The  pE  range  observed  at  the  site  may  be  higher  than  the  theoretical 
optimum  pE  for  various  electron  acceptor  reactions  (Norris  et  al.,  1994).  This 
discrepancy  is  a  common  problem  associated  with  measuring  oxidizing  potential  using 
field  instruments.  It  is  likely  that  the  platinum  electrode  probes  are  not  sensitive  to 
some  of  the  redox  couples  (e.g.,  sulfate/sulfide,  C02/methane).  Many  authors  have 
noted  that  field-measured  redox  data  alone  cannot  be  used  to  reliably  predict  the 
electron  acceptors  that  may  be  operating  at  a  site  (Stumm  and  Morgan,  1981;  Godsey, 
1994;  Lovley  et  al.,  1994).  Integrating  redox  measurements  with  analytical  data  on 
reduced  and  oxidized  chemical  species  allows  a  more  thorough  and  reasonable 
interpretation  of  which  electron  acceptors  are  being  used  to  biodegrade  site 
contaminants. 

4.3.3.11  pH 

pH  was  measured  for  groundwater  samples  collected  from  groundwater  monitoring 
points  and  monitoring  wells  in  November  1996.  These  measurements  are  summarized 
in  Table  4.4.  The  pH  of  a  solution  is  the  negative  logarithm  of  the  hydrogen  ion 
concentration  [H+],  Groundwater  pH  measured  at  the  site  ranges  from  4.6  to  6.4 
standard  units.  This  range  of  pH  overlaps  the  optimal  range  for  BTEX-degrading 
microbes;  however,  a  significant  number  of  observed  pHs  were  below  the  optimal 
range.  This  may  retard  the  rate  of  biodegradation;  nevertheless,  other  geochemical 
indicators  (discussed  in  prior  subsections)  demonstrate  that  biodegradation  is  occurring. 
Alkalinity  measurements  also  suggested  that  groundwater  CaC03  levels  are  sufficient  to 
completely  buffer  changes  in  pH.  In  addition,  as  groundwater  pH  becomes 
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increasingly  acidic,  fungi  may  predominate  over  bacteria  in  successfully  biodegrading 
hydrocarbons  (Atlas,  1988;  Brock  etal.,  1994). 

4.3.3.12  Temperature 

Groundwater  temperature  was  measured  at  groundwater  monitoring  points  and 
monitoring  wells  in  November  1996.  Table  4.4  summarizes  groundwater  temperature 
readings.  Temperature  affects  the  types  and  growth  rates  of  bacteria  that  can  be 
supported  in  the  groundwater  environment,  with  higher  temperatures  generally  resulting 
in  higher  growth  rates.  Temperatures  in  the  groundwater  varied  from  16.9  degrees 
Celsius  (°C)  to  22.1°C.  These  temperatures  span  a  range  that  is  optimal  for 
psychrophilic,  hydrocarbon-degrading  microorganisms. 

4.3.4  Expressed  Assimilative  Capacity 

The  data  presented  in  the  preceding  sections  suggest  that  mineralization  of  BTEX 
compounds  is  occurring  through  the  microbially  mediated  processes  of  aerobic 
biodegradation,  denitrification,  iron  reduction,  nitrogen  fixation,  methanogenesis,  and, 
to  a  limited  extent,  sulfate  and  manganese  reduction.  Unexpectedly,  nitrogen  fixation 
at  this  particular  site  appears  to  be  dominating  natural  attenuation  processes.  On  the 
basis  of  the  stoichiometry  presented  in  Table  4.4  and  observed  background  electron 
acceptors,  the  expressed  BTEX  assimilative  capacity  of  groundwater  at  Site  ST-24  is  at 
least  15,890  pg/L  (Table  4.5). 

A  closed  system  with  2  liters  of  water  can  be  used  to  help  visualize  the  physical 
meaning  of  assimilative  capacity.  Assume  that  the  first  liter  contains  no  fuel 
hydrocarbons,  but  it  contains  fuel  degrading  microorganisms  and  has  an  assimilative 
capacity  of  exactly  “x”  pg  of  fuel  hydrocarbons.  The  second  liter  has  no  assimilative 
capacity;  however,  it  contains  fuel  hydrocarbons.  As  long  as  these  2  liters  of  water  are 
kept  separate,  biodegradation  of  the  fuel  hydrocarbons  will  not  occur.  If  these  2  liters 
are  combined  in  a  closed  system,  biodegradation  will  commence  and  continue  until  the 
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fuel  hydrocarbons  are  depleted,  the  electron  acceptors  are  depleted,  or  the  environment 
becomes  acutely  toxic  to  the  fuel  degrading  microorganisms.  Assuming  a  nonlethal 
environment,  if  fewer  than  “x”  pg  of  fuel  hydrocarbons  were  in  the  second  liter,  all  of 
the  fuel  hydrocarbons  would  eventually  degrade  given  a  sufficient  time;  likewise,  if 
greater  than  “x”  pg  of  fuel  hydrocarbons  were  in  the  second  liter  of  water,  only  “x”  pg 
of  fuel  hydrocarbons  would  ultimately  degrade. 

TABLE  4.5 

EXPRESSED  ASSIMILATIVE  CAPACITY  OF  SITE  GROUNDWATER 


SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 


Electron  Acceptor  or  Process 

Expressed  BTEX  Assimilative 

Capacity  (jrg/L) 

Aerobic  Respiration 

1,930 

Denitrification 

2,140 

Iron  Reduction 

2,930 

Manganese  Reduction 

490 

Sulfate  Reduction 

420 

Nitrogen  Fixation 

5,380 

Methanogenesis 

2,600 

Expressed  Assimilative  Capacity 

15,890 

The  groundwater  beneath  Site  ST-24  is  an  open  system,  which  continually  receives 
additional  electron  receptors  from  upgradient  and  from  the  percolation  of  precipitation. 
This  means  that  the  assimilative  capacity  is  not  fixed  as  it  is  in  a  closed  system,  and 
therefore  cannot  be  compared  directly  to  contaminant  concentrations  in  the 
groundwater.  Rather,  the  expressed  assimilative  capacity  of  groundwater  is  intended  to 
serve  as  a  qualitative  tool.  Although  the  expressed  assimilative  capacity  at  this  site  is 
less  than  the  highest  measured  total  BTEX  concentration  (20,950  pg/L),  the  fate  of 
BTEX  in  groundwater  and  the  potential  impact  on  receptors  is  dependent  on  the 
relationship  between  the  kinetics  of  biodegradation  and  the  solute  transport  velocity 
(Chappelle,  1994).  This  significant  expressed  assimilative  capacity  is  a  strong  indicator 
that  biodegradation  is  occurring  and  is  sufficient  to  limit  migration  of  the  contaminant 
plume. 
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At  Site  ST-24  natural  attenuation  mechanisms  could  eliminate  all  groundwater 
BTEX  contamination  if  the  current  concentrations  of  electron  acceptors  are  maintained. 
Clean,  upgradient  groundwater  and  precipitation  recharge  could  provide  this 
continuous  source  of  electron  acceptors  to  the  microbial  population.  Furthermore,  the 
probable  contaminant  source  (the  service  station  and  associated  USTs)  has  been 
removed,  preventing  future  introduction  of  additional  soil  and  groundwater 
contaminants.  Because  groundwater  advective  velocity  at  ST-24  is  700  ft/yr,  and 
because  dissolved  BTEX  has  not  been  observed  in  monitoring  locations  approximately 
200  feet  downgradient  from  the  source  area  (MPG,  MPI,  MPJ),  it  is  suggested  that 
natural  attenuation  processes  are  controlling  further  downgradient  migration  of  the 
dissolved  contaminant  plume.  RNA  of  BTEX  in  groundwater  should,  therefore,  be 
considered  an  effective  option  when  selecting  a  final  remedial  solution  for  contaminated 
groundwater  at  Site  ST-24. 
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SECTION  5 

GROUNDWATER  MODELING 

5.1  GENERAL  OVERVIEW 

To  help  estimate  degradation  rates  for  dissolved  BTEX  at  ST-24  and  to  help  predict 
the  future  migration  of  these  compounds.  Parsons  ES  modeled  the  fate  and  transport  of 
the  dissolved  BTEX  plume.  The  modeling  effort  had  three  primary  objectives:  (1) 
predict  the  future  extent  and  concentration  of  the  dissolved  contaminant  plume  by 
modeling  the  combined  effects  of  advection,  dispersion,  sorption,  and  biodegradation; 
(2)  assess  the  potential  for  exposure  of  downgradient  receptors  to  contaminant 
concentrations  that  exceed  regulatory  standards  intended  to  be  protective  of  human 
health  and  the  environment;  and  (3)  provide  technical  support  for  the  RNA  option  at 
post-modeling  regulatory  negotiations.  The  model  was  developed  using  site-specific 
data  and  conservative  assumptions  about  governing  physical  and  chemical  processes. 
Because  of  the  conservative  nature  of  model  input,  the  reduction  in  contaminant  mass 
caused  by  natural  attenuation  is  expected  to  exceed  model  predictions.  This  analysis  is 
not  intended  to  represent  an  assessment  of  potential  risks  posed  by  site  contamination. 

Partial  differential  equations  that  describe  groundwater  flow  and/or  solute  transport 
can  be  solved  analytically  or  numerically.  Analytical  methods  (models)  provide  exact, 
closed-form  solutions,  and  numerical  methods  (models)  provide  approximate  solutions. 
The  type  of  model  selected  to  simulate  site  conditions  depends  on  the  complexity  of  the 
problem,  the  amount  of  available  data,  the  importance  of  the  decisions  that  will  be 
based  upon  the  model,  and  project  scope.  Analytical  models  are  the  simplest  to  set  up 
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and  solve,  allowing  the  user  to  evaluate  many  scenarios  in  a  relatively  short  time. 
However,  analytical  models  are  restricted  in  the  nature  of  the  problems  for  which  they 
can  be  used,  and  for  some  transport  problems  they  may  become  so  complex  and 
unwieldy  that  the  use  of  numerical  methods  may  be  more  efficient.  Numerical  methods 
are  more  efficient  for  those  systems  that  are  too  complex  for  analytical  methods. 
Theoretically  there  are  no  limits  on  the  characteristics  of  the  hydrogeological  system 
and  the  properties  of  the  solute(s)  that  can  be  simulated  using  a  numerical  model  code. 
There  are,  however,  practical  limits  on  the  ways  in  which  the  system  and  any  reactions 
within  it  can  be  represented.  The  basic  input  parameters  for  both  types  of  models 
typically  include  groundwater  seepage  velocity,  hydraulic  conductivity,  saturated 
thickness  of  the  aquifer,  porosity,  source  area  configuration,  source  area  contaminant 
concentrations,  leakage  rates,  dispersion  coefficients,  solute  retardation  values,  and 
solute  decay  rates. 

If  limited  data  are  available,  or  the  hydrogeologic  conditions  are  simple,  an 
analytical  model  can  be  selected  to  simulate  contaminant  fate  and  transport.  Analytical 
models  provide  exact,  closed-form  solutions  to  the  governing  advection/dispersion 
equation  by  making  significant  simplifying  assumptions.  The  more  closely  the  actual 
system  approximates  these  assumptions,  the  more  accurate  the  analytical  model  will  be 
at  predicting  groundwater  flow  and  solute  fate  and  transport.  Because  of  the  nature  of 
the  simplifying  assumptions,  analytical  models  may  overestimate  or  underestimate  the 
spread  of  contamination.  By  making  assumptions  that  will  ensure  the  model  will 
overpredict  contaminant  concentrations  and  travel  distances  (or  at  least  not  underpredict 
them),  the  model  predictions  will  be  conservative.  The  more  conservative  a  model  is, 
the  more  confidence  there  should  be  that  potential  downgradient  receptors  will  not  be 
impacted  by  site  contamination.  Analytical  solutions  are  generally  limited  to  steady, 
uniform  flow  or  radial  flow  conditions,  and  should  not  be  used  for  groundwater  flow  or 
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solute  transport  problems  in  strongly  anisotropic  flow  conditions  or  heterogeneous 
media. 

Numerical  solutions  provide  approximate  solutions  to  the  advection/dispersion 
equation.  Numerical  models  are  less  burdened  by  simplifying  assumptions  and  are 
capable  of  addressing  more  complicated  problems.  Unlike  analytical  models, 
numerical  models  allow  subsurface  heterogenieties  and  varying  aquifer  parameters  to  be 
simulated,  as  well  as  transient  conditions  (i.e.,  one  or  more  properties  or  conditions 
change  over  time),  if  the  requisite  data  are  available.  Many  of  the  assumptions 
required  for  the  analytical  solutions  are  not  necessary  when  numerical  techniques  are 
used  to  solve  the  governing  solute  transport  equation.  However,  a  greater  amount  of 
site-specific  data  is  needed  to  implement  a  numerical  model,  and  the  solutions  are 
inexact  numerical  approximations.  The  added  complexity  of  performing  a  numerical 
model  typically  is  not  warranted  unless  the  spatial  distribution  of  input  parameters  is 
well  documented. 

Analytical  models  were  selected  to  evaluate  contaminant  fate  and  transport  at  ST-24. 
Analytical  models  were  determined  to  be  appropriate  for  this  site  because 
hydrogeologic  conditions  are  uniform,  limited  spatial  geochemical  and  contaminant 
concentration  information  is  available,  and  remediation  of  vadose  zone  soils  within  the 
site  source  area  has  already  been  performed.  The  models  used  with  ST-24  data 
provided  first-order  solute  decay  solutions  for  a  semi-infinite  system  with  a  point 
source  of  diminishing  concentration  (van  Genuchten  and  Alves,  1982).  The  models 
assume  a  homogeneous,  isotropic  aquifer;  a  uniform,  constant- velocity  flow  field  in  the 
x-direction  only;  a  constant  longitudinal  hydrodynamic  dispersion;  a  first-order  rate  of 
decay  for  biodegradation  of  site  contaminants;  and  a  linear  sorption  rate. 
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5.2  CONCEPTUAL  MODEL  DESIGN  AND  ASSUMPTIONS 

Before  developing  a  groundwater  model,  it  is  important  to  develop  a  reasonable 
interpretation  of  aquifer  conditions.  On  the  basis  of  the  data  presented  in  Section  3,  the 
shallow  saturated  zone  was  conceptualized  and  modeled  as  a  shallow  unconfined, 
aquifer  composed  of  sandy  to  silty  gravel  with  some  clay  (Figure  3.3).  Water  level 
data  suggest  a  relatively  uniform  local  groundwater  flow  system  with  a  slight  upward 
vertical  component. 

Geochemical  data  presented  in  Section  4  suggest  that  biodegradation  of  site 
contaminants  is  occurring.  In  particular,  BTEX  compounds  are  being  degraded  by 
aerobic  respiration  and  the  anaerobic  processes  of  denitrification,  ferric  iron  reduction, 
manganese  reduction,  sulfate  reduction,  nitrogen  fixation,  and  methanogenesis. 
Current  analytical  data  on  dissolved  BTEX  concentrations  and  implemented  remedial 
actions  were  used  for  model  calibration  and  to  support  source  reduction  assumptions. 
Furthermore,  the  maximum  downgradient  BTEX  concentration  is  below  state  and 
federal  groundwater  guidelines,  suggesting  that  dissolved  BTEX  concentrations  above 
the  Mississippi  Department  of  Environmental  Quality  (MDEQ,  1991)  standards  are  not 
migrating  beneath  Base  housing  located  west  of  Site  ST-24.  In  addition,  due  to  prior 
remediation  of  site  soils,  the  lack  of  residual  soil  LNAPL  above  the  groundwater  table 
and  the  absence  of  mobile  LNAPL  suggest  there  is  not  a  significant  continuing  source 
of  dissolved  BTEX  contamination  at  Site  ST-24. 

5.3  INITIAL  MODEL  SETUP 

Where  possible,  the  initial  setup  for  the  models  was  based  on  site  data.  Where  site- 
specific  data  were  not  available  (e.g.,  for  effective  porosity),  reasonable  assumptions 
were  made  on  the  basis  of  widely  accepted  literature  values.  The  analytical  model 
solution  is  based  on  calculations  for  retarded  flow  with  biodegradation  and  a  decaying 
source  (van  Genuchten  and  Alves,  1982).  The  following  sections  describe  the  basic 
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model  setup.  The  analytical  model  parameters  that  were  varied  during  model 
calibration  are  discussed  in  Section  5.4. 

5.3.1  Groundwater  Gradient 

The  November  1996  water  table  elevation  map  presented  on  Figure  3.5  was  used  to 
determine  the  hydraulic  gradient.  Groundwater  flow  in  the  vicinity  of  the  site  is  to  the 
south  with  an  average  gradient  of  approximately  0.01  ft/ft.  In  the  absence  of  historical 
groundwater  elevation  data,  it  was  assumed  that  the  November  1996  water  levels  and 
gradient  are  representative  of  steady-state  conditions.  Groundwater  data,  also  collected 
in  November  1996,  suggest  a  slight  upward  vertical  gradient,  indicative  of  a  semi- 
confining  aquifer. 

5.3.2  BTEX  Concentrations 

The  total  dissolved  BTEX  concentrations  obtained  from  laboratory  analytical  results 
were  used  for  model  development.  Table  4.2  presents  November  1996  dissolved 
BTEX  concentration  data.  Figure  4.1  shows  the  areal  distribution  of  dissolved 
groundwater  BTEX  in  November  1996.  The  shape  and  distribution  of  the  total  BTEX 
plume  are  the  result  of  advective-dispersive  transport  and  biodegradation  of  dissolved 
BTEX  contamination  originating  from  the  source  areas  at  ST-24.  The  BTEX 
concentrations  from  the  November  1996  site  investigation  were  used  in  the  models  to 
project  future  downgradient  concentrations. 

5.3.3  Degradation  Rates 

Available  data  strongly  suggest  that  aerobic  and  anaerobic  biodegradation  of 
dissolved  BTEX  is  occurring  at  the  site.  In  November  1996,  combined  anaerobic 
processes  accounted  for  more  than  85  percent  of  the  assimilative  capacity  of  site 
groundwater  (Table  4.5).  As  with  a  large  number  of  biological  processes, 
biodegradation  can  generally  be  described  using  a  first-order  rate  constant  and  the 
equation: 
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where:  C  =  Contaminant  Concentration  at  Time  t 

C0  =  Initial  Contaminant  Concentration 
k  =  Coefficient  of  Anaerobic  Decay  (anaerobic  rate  constant) 
t  =  time 

Two  methods  of  calculating  rate  constants  are  currently  available  to  quantify  rates  of 
biodegradation  at  the  field  scale  and  are  applicable  for  use  with  available  site  data.  The 
first  method  involves  the  use  of  a  biologically  recalcitrant  compound  found  in  the 
dissolved  BTEX  plume  that  can  be  used  as  a  conservative  tracer.  The  second  method, 
proposed  by  Buscheck  and  Alcan  tar  (1995),  involves  interpretation  of  a  steady-state 
contaminant  plume  configuration  and  is  based  on  the  one-dimensional  steady-state 
analytical  solution  to  the  advection/dispersion  equation  presented  by  Bear  (1979). 

5.3.3. 1  Trimethylbenzene  Tracer  Method 

To  calculate  rate  constants,  the  apparent  degradation  rate  must  be  normalized  for  the 
effects  of  dilution  caused  by  advective/dispersive  processes  and  sorption.  This  can  be 
accomplished  by  normalizing  the  concentration  of  each  contaminant  to  the 
concentration  of  a  component  of  gasoline  (a  tracer)  that  has  similar  sorptive  properties 
but  that  is  fairly  recalcitrant  to  biodegradation.  Observed  BTEX  concentration  data  can 
be  normalized  to  1,3,5-TMB,  1,2,4-TMB,  and/or  1,2,3-TMB  or  another  tracer  with 
similar  physiochemical  properties.  The  TMB  compounds  can  serve  as  good  tracers 
because  they  can  be  biologically  recalcitrant  under  anaerobic  conditions,  and  they  have 
sorptive  properties  similar  to  the  BTEX  compounds  (Cozzarelli  et  al.,  1990  and  1994). 
Thus,  TMBs  are  assumed  to  respond  similarly  to  the  processes  of  advection,  dispersion, 
and  sorption  without  experiencing  a  reduction  in  concentration  due  to  biodegradation. 
Under  aerobic  conditions,  TMB  compounds  are  less  recalcitrant,  leading  to  reduction  in 
TMB  concentrations  by  biological  processes  in  addition  to  dispersion,  dilution,  and 
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sorption.  This  in  turn  results  in  the  calculation  of  an  overly  low,  albeit  conservative, 
rate  constant. 

The  normalized  (corrected)  concentration  of  a  compound  is  the  concentration  of  the 
compound  that  would  be  expected  at  one  point  (B)  located  downgradient  from  another 
point  (A)  after  correcting  for  the  effects  of  dispersion,  dilution,  and  sorption  between 
points  A  and  B.  One  relationship  that  can  be  used  to  calculate  the  corrected 
contaminant  concentration  is: 


Cb,Coit  Cb(TMBa/TMBb) 

where:  CB;Corr  =  Corrected  concentration  of  compound  at  Point  B 

CB  =  Measured  concentration  of  compound  at  Point  B 
TMBa  =  Measured  TMB  concentration  at  Point  A 
TMBb  =  Measured  TMB  concentration  at  Point  B 

A  log-linear  plot  of  the  corrected  contaminant  concentrations  along  a  flow  path 
versus  e  travel  time  from  the  source  can  be  used  to  determine  whether  the  data  set 
can  be  described  using  a  first-order  exponential  equation  (i.e.,  r2  is  greater  than 
approximately  0.9).  When  this  occurs,  the  exponential  slope  can  be  used  as  the  rate 
constant.  Once  again,  if  aerobic  conditions  exist  along  the  selected  flow  path,  the  rate 
constant  calculation  will  be  conservative  because  TMBs  are  not  recalcitrant  under 
aerobic  conditions. 

An  average  rate  constant  for  BTEX  decay  at  Site  ST-24  was  determined  from 
November  1996  BTEX  and  TMB  data.  The  selected  flow  path  (from  MPC/MPM 
through  W71  to  MPL)  is  anaerobic.  Table  5.1  presents  the  data  for  a  first-order  rate 
constant  calculation  for  BTEX  using  1,2,4-TMB  as  a  conservative  tracer.  The  TMB- 
corrected  total  BTEX  concentration  represents  the  theoretical  BTEX  concentration  at  a 
point  if  biodegradation  were  the  only  process  affecting  BTEX  concentrations.  The 
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graph  that  accompanies  the  table  illustrates  that  a  rate  constant  of  0.044  day'1  is 
predicted.  TMB  should  serve  as  a  conservative  tracer  because  TMB  is  not  completely 
recalcitrant  under  anaerobic  conditions.  Therefore,  the  rate  constant  is  expected  to  be 
higher  than  calculated  using  this  technique.  Furthermore,  downgradient  from  well 
MPL,  the  biodegradation  rate  constant  would  be  expected  to  increase  because  the 
aquifer  becomes  aerobic.  Typically,  aerobic  degradation  rates  exceed  anaerobic 
degradation  rates  (Borden  and  Bedient,  1986). 

5.3.3.2  Method  of  Buscheck  and  Alcantar 

Buscheck  and  Alcantar  (1995)  derive  a  relationship  that  allows  calculation  of  first- 
order  decay  rate  constants  for  steady-state  plumes.  This  method  involves  coupling  the 
regression  of  contaminant  concentration  (plotted  on  a  logarithmic  scale)  versus  distance 
downgradient  (plotted  on  a  linear  scale)  to  an  analytical  solution  for  one-dimensional, 
steady-state,  contaminant  transport  that  includes  advection,  dispersion,  sorption,  and 
biodegradation.  For  a  steady-state  plume,  the  first-order  decay  rate  is  given  by 
(Buscheck  and  Alcantar,  1995): 


X  =  v* 


4a. 


fn 

(k  y 

-2  > 

1  +  2  ax 

-1 

J 

Vc  = 
= 

k/vr  = 


where:  X  =  first-order  decay  rate 

retarded  contaminant  velocity  in  the  x-direction 
dispersivity 

slope  of  line  determined  from  a  log-linear  plot  of  contaminant 
concentration  versus  distance  downgradient  along  flow  path 

The  first-order  decay  rate  includes  biodegradation  resulting  from  both  aerobic  and 
anaerobic  processes;  however,  in  the  absence  of  oxygen,  the  first-order  rate  is 
equivalent  to  the  anaerobic  decay  rate.  Table  5.2  presents  the  data  for  a  first-order  rate 
constant  calculation  for  BTEX  using  November  1996  data  at  ST-24  and  the  method 


5-8 


I:\PROJECTS\729691\COLUMB\24RNATS\6.DOC 


TABLE  5.1 

FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  1,2,4-TMB  AS  A  CONSERVATIVE  TRACER 

SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 


Travel  Time 

Between  Measured  Measured  Trimethylbenzene 

Upgradient  and  Total  1,2,4-  Corrected 

Distance  Downgradient  BTEX  Trimethylbenzene  Total  BTEX 
Downgradient  Points  Concentration  Concentration  Concentration 

Point _ (ft)  (days) _ (pg/L) _ (pg/L) _ (pg/L) 

MPC/MPM  0  0  20,950  6800  20,950 

W71  73  49  2,140  1860  2,879 

MPL  208  139  22.2  8  46 


vc  =  1.5  ft/day  ( for  benzene) 


PLOT  OF  TMB-CORRECTED  TOTAL  BTEX 
CONCENTRATION  VERSUS  TRAVEL  TIME 
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Total  BTEX  Concentration  (fig/L) 


TABLE  5.2 

FIRST-ORDER  RATE  CONSTANT  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 
SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 


Point 

Distance 
Downgradient 
from  Source  (ft) 

Total  BTEX  (|ig/L) 
Oct-96 

MPC/MPM 

0 

20,950 

W71 

73 

2,140 

MPL 

208 

22.2 

PLOT  OF  TOTAL  BTEX  CONCENTRATION  VERSUS  DISTANCE 


)i=  Vc/4ax([l+2ax(k/vx)]2-l) 


where 

vc  = 

1.5000 

ft/day 

<*x  = 

20 

ft 

k/v  ~ 

0.033 

ft'1 

therefore 

X  = 

0.082 

day’1 
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proposed  by  Buscheck  and  Alcantar  (1995).  An  exponential  fit  to  the  data  estimates  a 
log-linear  slope  of  0.033.  This  value  translates  to  a  decay  constant  of  0.082  day'1 

5.3.3.3  Selection  of  a  Decay  Rate  Constant 

A  review  of  recent  literature  indicates  that  higher  rate  constants  generally  have  been 
observed  in  anaerobic  plumes  at  other  sites.  For  example,  Chapelle  (1994)  reported 
that  at  two  different  sites  with  anaerobic  groundwater  conditions  the  rate  constants  were 
both  approximately  0.01  day'1.  Wilson  et  al.  (1994)  report  first-order  anaerobic 
biodegradation  rates  of  0.05  to  1.3  week'1  (0.007  to  0.185  day'1);  Buscheck  et  al. 
(1993)  report  first-order  attenuation  rates  in  a  range  of  0.001  to  0.01  day'1;  andStauffer 
et  al.  (1994)  report  rate  constants  of  0.01  and  0.018  day'1  for  benzene  and  p-xylene, 
respectively.  A  first-order  rate  constant  of  0.08  day'1  was  used  in  the  two  analytical 
models  run  for  this  site. 

5.4  MODEL  CALIBRATION 

Calibration  of  the  contaminant  fate  and  transport  model  is  an  important  component 
in  the  development  of  a  defensible  groundwater  model.  It  demonstrates  that  the  model 
is  capable  of  predicting  observed  hydraulic  and  contaminant  conditions  given  conditions 
observed  in  the  past.  The  analytical  flow  models  presented  herein  were  calibrated 
using  current  analytical  data  for  initial  contaminant  concentrations  and  altering  source 
input,  source  decay  rates,  and  solute  decay  rates  until  modeled  data  matched  current 
observed  BTEX  concentrations.  The  model  was  calibrated  over  a  4-year  period 
spanning  the  time  from  the  removal  of  site  contaminated  soils  to  November  1996  using 
a  hydraulic  gradient  of  0.01  ft/ft,  hydraulic  conductivity  of  58  ft/day,  and  effective 
porosity  of  0.3. 

To  calibrate  the  model,  an  8-percent  annual  source  decay  rate  and  an  8-percent  daily 
solute  decay  rate  were  used.  An  8-percent  annual  source  decay  rate  may  be  an  accurate 
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representation  of  site  conditions  because  a  rate  of  this  magnitude  could  account  for 
natural  degradation  of  the  source  (residual  LNAPL  below  the  water  table)  as  well  as 
dissolution  of  the  source  into  groundwater.  The  0.08-day'1  solute  decay  rate  was 
selected  on  the  basis  of  calculations  presented  in  Section  5.3.3.  The  calibrated  model 
also  assumes  a  source  input  term  of  46.5  mg/L  per  year  of  BTEX,  attributable  to 
residual  LNAPL  in  site  soils  below  the  water  table,  and  uses  the  source  area  BTEX 
concentration  of  20,950  mg/L  measured  in  November  1996. 

TOC  was  not  measured  above  the  0.06-percent  method  detection  limit  in  the  soil 
sample  collected  from  the  saturated  zone,  upgradient  from  the  source  area.  Using  the 
method  detection  limit  as  an  approximation  of  TOC  levels  in  site  soils,  contaminant 
migration  was  modeled  with  retardation  resulting  from  sorption.  Modeled  contaminant 
(i.e.,  benzene)  velocities  were  approximately  two-thirds  of  the  advective  groundwater 
velocity.  Even  though  it  is  unclear  whether  soil  TOC  levels  are  significantly  less  than 
0.06  percent,  it  is  expected  that  some  sorption,  and  therefore  some  contaminant 
retardation  with  respect  to  groundwater  velocity,  is  occurring. 

Using  these  input  parameters,  the  model  successfully  reproduced  November  1996 
BTEX  concentrations  observed  at  the  source  area  (point  MPC/MPM),  72  feet 
downgradient  from  the  source  area  (well  W71),  and  along  the  leading  plume  edge 
(point  MPL).  Where  the  calibrated  model  differed  from  the  observed  BTEX 
concentrations,  modeled  concentration  were  slightly  higher.  Consequently,  the  total 
dissolved  contaminant  mass  predicted  from  the  models  is  approximately  equal  to  or 
slightly  higher  than  the  mass  estimated  from  the  observed  contaminant  concentrations. 
Thus,  the  model  is  considered  conservative.  Model  input  and  output  are  included  in 
Appendix  C. 
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5.5  SENSITIVITY  ANALYSIS 

The  purpose  of  the  sensitivity  analysis  is  to  determine  the  effect  of  varying  model 
input  parameters  on  model  output.  The  sensitivity  analysis  for  the  analytical  models 
was  conducted  on  individual  runs  of  the  calibrated  model  by  varying  hydraulic 
conductivity  (±2  times),  the  TOC  content  (±10  times),  effective  porosity  (±25%), 
dispersivity  (±2  times),  and  the  solute  decay  rate  (±2  times).  The  annual  rate  of  source 
decay  is  varied  to  duplicate  effects  of  certain  remedial  alternative  in  Section  6.  To 
perform  the  sensitivity  analyses,  the  model  was  run  with  the  same  input  as  the 
calibrated  model  except  for  the  tested  parameter.  The  models  were  run  for  a  4-year 
period  so  the  effects  could  be  compared  to  November  1996  plume  conditions  simulated 
by  the  calibrated  model,  also  using  a  4-year  period.  Model  output  data  from  the 
sensitivity  analysis  are  presented  in  Appendix  C. 

The  results  of  the  sensitivity  analysis  suggest  that  the  calibrated  model  is  most 
sensitive  to  hydraulic  conductivity,  solute  decay,  and  TOC,  and  less  sensitive  to 
effective  porosity  and  dispersivity.  Increasing  hydraulic  conductivity  significantly 
increased  the  distance  of  plume  migration,  and  the  downgradient  concentrations  of 
dissolved  contaminants,  because  advective/dispersive  mechanisms  are  more  significant 
with  the  higher  groundwater  velocity  that  results  from  a  higher  hydraulic  conductivity. 
Conversely,  decreasing  the  hydraulic  conductivity  to  half  the  observed  value  decreased 
the  distance  of  plume  migration  and  the  dissolved  contaminant  concentrations  to  below 
observed  conditions  in  November  1996.  Increasing  the  TOC  content  of  the  aquifer 
matrix  decreased  the  distance  of  plume  migration  below  the  observed  conditions  in 
November  1996,  and  decreased  dissolved  BTEX  concentrations  throughout  the  plume 
to  below  those  levels  observed  in  late  1996.  Decreasing  the  TOC  content  had  the 
opposite  effects  on  the  modeled  BTEX  plume.  Changes  in  the  modeled  dissolved 
BTEX  plume  due  to  increases  and  decreases  in  effective  porosity  are  similar  to  the 
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changes  observed  with  varying  TOC;  however  effective  porosity  changes  had  a 
noticeably  smaller  effect  on  the  predicted  plume  than  changing  TOC  values.  Increases 
and  decreases  in  dispersivity  values  had  a  similar,  but  less  pronounced,  effect  on  the 
predicted  contaminant  plume  as  did  changes  in  the  hydraulic  conductivity.  Increasing 
the  solute  decay  rate  by  two  caused  the  model  to  produce  a  contaminant  plume  of  much 
less  size  and  mass  than  observed  in  November  1996.  Decreasing  the  solute  decay  rate 
made  the  predicted  1996  plume  much  larger  and  more  contaminated  than  the  observed 
plume  in  November  1996. 

The  hydraulic  conductivity,  dispersivity,  and  effective  porosity  values  used  in  the 
calibrated  model  are  valid  because  they  are  similar  to  documented  or  widely  accepted 
values.  Based  on  sensitivity  analysis,  the  ranges  for  other  model  input  parameters  used 
to  produce  the  simulated  BTEX  plumes  are  feasible,  given  the  observed  BTEX 
concentrations,  the  conservative  assumptions  made  in  constructing  the  simulation,  and 
the  strong  geochemical  evidence  of  aerobic  and  anaerobic  biodegradation.  The  models 
were  calibrated  to  known  endpoints  in  a  continuum  of  known  past  contaminant  levels. 
Results  of  predictive  models  are  presented  in  Section  6. 
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SECTION  6 

COMPARATIVE  ANALYSIS  OF  REMEDIAL  ALTERNATIVES 

This  section  presents  the  development  and  comparative  analysis  of  groundwater 
remedial  alternatives  for  contaminated  groundwater  at  Site  ST-24.  The  intent  of  this 
evaluation  is  to  determine  if  RNA  of  groundwater  is  an  appropriate  and  cost-effective 
remedial  approach  to  consider  when  developing  final  remedial  strategies  for  the  study 
area,  especially  when  combined  with  other  remedial  technologies. 

Section  6.1  presents  the  criteria  used  to  evaluate  groundwater  remedial  alternatives. 
Section  6.2  discusses  the  development  of  remedial  alternatives  considered  as  part  of  this 
demonstration  project.  Section  6.3  provides  a  brief  description  of  each  of  these 
remedial  alternatives.  Section  6.4  provides  a  more  detailed  analysis  of  the  remedial 
alternatives  using  the  defined  remedial  alternative  evaluation  criteria.  The  results  of 
this  evaluation  process  are  summarized  in  Section  6.5. 

6.1  REMEDIAL  ALTERNATIVE  EVALUATION  CRITERIA 

The  evaluation  criteria  used  to  identify  appropriate  remedial  alternatives  for  shallow 
groundwater  contamination  at  the  site  were  evaluated  based  on  1)  long-term 
effectiveness  and  permanence,  2)  technical  and  administrative  implementability,  and  3) 
relative  cost.  The  following  sections  briefly  describe  the  scope  and  purpose  of  each 
evaluation  criterion.  This  report  focuses  on  the  potential  use  of  RNA  and  source 
reduction  technologies  to  reduce  dissolved  BTEX  concentrations  in  the  shallow 
groundwater  below  Mississippi  State  regulatory  action  levels  (MDEQ  Office  of 
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Pollution  Control,  Groundwater  Division,  Groundwater  Quality  Standards,  Section  3, 
Numerical  Groundwater  Standards,  1991). 

6.1.1  Long-Term  Effectiveness  and  Permanence 

Each  remedial  technology  or  remedial  alternative  (which  can  be  a  combination  of 
remedial  approaches  such  as  RNA  and  institutional  controls)  was  analyzed  to  determine 
how  effectively  it  will  minimize  groundwater  plume  expansion  so  that  groundwater 
quality  standards  can  be  achieved  at  downgradient  sentry  wells.  The  expected  technical 
effectiveness  based  on  case  histories  from  other  sites  with  similar  conditions  also  is 
evaluated.  The  ability  to  minimize  potential  impacts  on  surrounding  facilities  and 
operations  is  considered.  Also,  the  ability  of  each  remedial  alternative  to  protect  both 
current  and  potential  future  receptors  from  potential  risks  associated  with  potentially 
completed  exposure  pathways  is  qualitatively  assessed.  This  evaluation  criterion  also 
includes  permanence  and  the  ability  to  reduce  contaminant  mass,  toxicity,  and  volume. 
Time  to  implementation  and  time  until  protection  is  achieved  are  described.  Long-term 
reliability  for  providing  continued  protection,  including  an  assessment  of  potential  for 
failure  of  the  technology  and  the  potential  threats  resulting  from  such  a  failure,  also  is 
evaluated. 

6.1.2  Implementability 

The  technical  implementation  of  each  remedial  technology  or  remedial  alternative 
was  evaluated  in  terms  of  technical  feasibility  and  availability.  Potential  shortcomings 
and  difficulties  in  construction,  operations,  and  monitoring  are  presented  and  weighed 
against  perceived  benefits.  Requirements  for  any  post-implementation  site  controls 
such  as  LTM  and  land  use  restrictions  are  described.  Details  on  administrative 
feasibility  in  terms  of  the  likelihood  of  public  acceptance  and  the  ability  to  obtain 
necessary  approvals  are  discussed. 
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6.1.3  Cost 

The  total  cost  (adjusted  to  present  worth)  of  each  remedial  alternative  was  estimated 
for  relative  comparison.  An  estimate  of  capital  costs,  and  operating  and  post¬ 
implementation  costs  for  site  monitoring  and  controls  is  included.  An  annual 
adjustment  factor  of  7  percent  was  assumed  in  present-worth  calculations.  The  annual 
adjustment  factor,  or  discount  rate,  is  the  difference  between  the  rate  of  inflation  and 
the  cost  of  money  (USEPA,  1993). 

6.2  FACTORS  INFLUENCING  ALTERNATIVES  DEVELOPMENT 

Several  factors  were  considered  during  the  identification  and  screening  of  remedial 
technologies  for  addressing  shallow  groundwater  contamination  at  the  site.  Factors 
considered  included  the  objectives  of  the  AFCEE  natural  attenuation  demonstration 
program;  site-specific  contaminant,  groundwater,  and  soil  properties;  current  and 
future  land  uses;  and  potential  receptors  and  exposure  pathways.  The  following  section 
briefly  describes  each  of  these  factors  and  how  they  were  used  to  narrow  the  list  of 
potentially  applicable  remedial  technologies  to  the  final  remedial  alternatives  considered 
for  the  study  area. 

6.2.1  Program  Objectives 

The  intent  of  the  RNA  demonstration  program  sponsored  by  AFCEE  is  to  develop  a 
systematic  process  for  scientifically  investigating  and  documenting  natural  subsurface 
attenuation  processes  that  can  be  factored  into  overall  site  remediation  plans.  The 
objective  of  this  program  and  the  specific  demonstration  at  Columbus  AFB  is  to 
provide  solid  evidence  of  RNA  of  dissolved  fuel  hydrocarbons  so  that  this  information 
can  be  used  to  develop  an  effective  groundwater  remediation  strategy.  A  secondary 
goal  of  this  multi-site  initiative  is  to  provide  a  series  of  regional  case  studies  that 
demonstrate  that  natural  processes  of  contaminant  degradation  can  often  reduce 
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contaminant  concentrations  in  groundwater  below  acceptable  cleanup  standards  before 
completion  of  potential  receptor  exposure  pathways. 

Because  the  objective  of  this  program  is  to  study  natural  processes  in  the  saturated 
zone  rather  than  all  contaminated  media  (e.g.,  soil,  soil  gas,  etc.),  technologies  have 
been  evaluated  based  primarily  on  their  potential  impact  on  shallow  groundwater  and 
phreatic  soils.  Technologies  that  can  reduce  vadose  zone  contamination  and 
partitioning  of  contaminants  into  groundwater  also  have  been  evaluated.  Many  of  the 
source  removal  technologies  evaluated  in  this  section  also  will  reduce  soil  and  soil  gas 
contamination,  but  it  is  important  to  emphasize  that  the  remedial  alternatives  developed 
in  this  document  are  not  intended  to  remediate  all  contaminated  media.  Additional 
program  objectives  set  forth  by  AFCEE  include  cost  effectiveness  and  minimization  of 
waste.  Technologies  that  may  best  meet  these  AFCEE  criteria  include  institutional 
controls,  soil  vapor  extraction  (SVE),  bioventing,  bioslurping,  passive  drain  collection, 
biosparging,  and  RNA.  Under  this  program,  slurry  walls,  sheet  piling,  carbon 
adsorption,  and  groundwater  extraction  with  ex  situ  biological  or  chemical  treatment  of 
groundwater  are  not  considered  attractive  technologies. 

6.2.2  Contaminant  Properties 

The  site-related  contaminants  considered  as  part  of  this  demonstration  in  the  study 
area  are  the  BTEX  compounds.  The  primary  source  of  contamination  at  Site  ST-24  is 
the  release  into  site  soils  of  fuel  products  from  four  leaky  USTs  and  their  associated 
distribution  lines.  The  USTs  contained  leaded  gasoline,  unleaded  regular  gasoline, 
unleaded  premium  gasoline,  and  heating  oil.  The  four  USTs,  three  fueling  islands,  and 
distribution  lines  were  removed  in  1989.  At  this  time,  not  all  contaminated  soil  was 
excavated.  In  May  1993,  the  remaining  contaminated  soil  was  removed  by  USACE 
(CH2M  Hill,  1995).  The  physiochemical  characteristics  of  gasoline  and  the  individual 
BTEX  compounds  will  greatly  influence  the  effectiveness  and  selection  of  a  remedial 
technology. 
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Gasoline  is  classified  as  an  LNAPL  with  a  liquid  density  of  approximately  0.73  g/cc 
at  20°C  [Biomedical  and  Environmental  Information  Analysis  (BEIA),  1989].  Because 
gasoline  is  less  dense  than  water,  the  LNAPL  may  become  concentrated  in  the  capillary 
fringe.  Some  of  the  individual  gasoline  constituents  sorb  very  well  to  the  soil  matrix, 
others  dissolve  quickly  into  percolating  groundwater,  and  yet  others  may  volatilize  into 
soil  vapor.  This  “weathering”  process  results  in  a  variable  distribution  of  individual 
gasoline  components  in  the  soil,  soil  atmosphere,  and  groundwater  with  time  and 
distance  from  the  release  (BEIA,  1989).  Constituents  in  gasoline  range  from  slightly  to 
highly  soluble  in  water.  Overall  solubility  is  approximately  300  mg/L.  Gasoline  also 
can  act  as  a  primary  substrate  for  biological  metabolism.  Simultaneous  biodegradation 
of  aliphatic,  aromatic,  and  alicyclic  hydrocarbons  has  been  observed.  In  fact, 
mineralization  rates  of  hydrocarbons  in  mixtures,  such  as  gasoline,  may  be  faster  than 
mineralization  of  the  individual  constituents  as  a  result  of  cometabolic  pathways 
(Jamison  et  al.,  1975;  Perry,  1984). 

The  BTEX  compounds  are  generally  volatile,  highly  soluble  in  water,  and  adsorb 
less  strongly  to  soil  than  other  hydrocarbons  in  a  petroleum  mixture.  These 
characteristics  allow  the  BTEX  compounds  to  leach  more  rapidly  from  contaminated 
soil  into  groundwater,  and  to  migrate  as  dissolved  contamination  (Lyman  et  al.,  1992). 
All  of  the  BTEX  compounds  are  highly  susceptible  to  in  situ  degradation  by  both  biotic 
and  abiotic  mechanisms. 

Benzene  is  very  volatile,  with  a  vapor  pressure  of  76  millimeters  of  mercury  (mm 
Hg)  at  20°C  and  a  Henry's  Law  Constant  of  approximately  0.0054  atmosphere-cubic 
meters  per  mole  (atm-m3/mol)  at  25°C  (Hine  and  Mookeijee,  1975;  Jury  et  al.,  1984). 
The  solubility  of  pure  benzene  in  water  at  20°C  has  been  reported  to  be  1,780  mg/L 
(Verschueren,  1983).  Benzene  is  normally  biodegraded  to  carbon  dioxide,  with 
catechol  as  a  short-lived  intermediate  (Hopper,  1978;  Ribbons  and  Eaton,  1992). 
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Toluene  is  also  volatile,  with  a  vapor  pressure  of  22  mm  Hg  at  20°C  and  a  Henry's 
Law  Constant  of  about  0.0067  atm-m3/mol  at  25°C  (Pankow  and  Rosen,  1988;  Hine 
and  Mookeijee,  1975).  Toluene  sorbs  more  readily  to  soil  media  relative  to  benzene, 
but  still  is  very  mobile.  The  solubility  of  pure  toluene  in  water  at  20°C  is 
approximately  515  mg/L  at  20°C  (Verschueren,  1983).  Toluene  has  been  shown  to 
degrade  to  pyruvate,  caetaldehyde,  and  completely  to  carbon  dioxide  via  the 
intermediate  catechol  (Hopper,  1978;  Wilson  et  al.,  1986;  Ribbons  and  Eaton,  1992). 

Ethylbenzene  has  a  vapor  pressure  of  7  mm  Hg  at  20°C  and  a  Henry's  Law  Constant 
of  0.0066  atm-m3/mol  (Pankow  and  Rosen,  1988;  Valsaraj,  1988).  Ethylbenzene  sorbs 
more  strongly  to  soils  than  benzene  and  toluene  (Kenaga  and  Goring,  1980;  Means  et 
al.,  1980;  Hassett  et  al.,  1983;  Fetter,  1993).  Pure  ethylbenzene  is  also  less  soluble 
than  benzene  and  toluene  in  water  at  152  mg/L  at  20°C  (Verschueren,  1983;  Miller  et 
al.,  1985).  Ethylbenzene  ultimately  degrades  to  carbon  dioxide  via  its  intermediate  3- 
ethylcatechol  (Hopper,  1978;  Ribbons  and  Eaton,  1992). 

The  three  isomers  of  xylene  have  vapor  pressures  ranging  from  7  to  9  mm  Hg  at 
20°C  and  Henry's  Law  Constants  of  between  0.005  and  0.007  atm-m3/mol  at  25°C 
(Mackay  and  Wolkoff,  1973;  Hine  and  Mookeijee,  1975;  Pankow  and  Rosen,  1988). 
A  compilation  of  literature  values  for  sorption  coefficients  suggests  that  xylenes  sorb  to 
soil  with  approximately  the  same  strength  as  ethylbenzene  (Wiedemeier  et  al.,  1995). 
Pure  xylenes  have  water  solubilities  of  152  to  160  mg/L  at  20°C  (Bohon  and  Claussen, 
1951;  Mackay  and  Shiu,  1981;  Isnard  and  Lambert,  1988).  Xylenes  can  degrade  to 
carbon  dioxide  via  pyruvate  carbonyl  intermediates  (Hopper,  1978;  Ribbons  and  Eaton, 
1992). 

On  the  basis  of  these  physiochemical  characteristics,  RNA,  bioventing,  SVE,  and 
biosparging  could  all  be  effective  options  for  collecting,  destroying,  and/or  treating 
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BTEX  at  Site  ST-24.  Some  of  these  options  are  considered  less  desirable  after 
considering  site-specific  conditions  (Section  6.2.3). 

6.2.3  Site-Specific  Conditions 

Three  general  categories  of  site-specific  characteristics  were  considered  when 
identifying  remedial  approaches  for  comparative  evaluation  as  part  of  this 
demonstration.  The  first  category  was  physical  characteristics  such  as  groundwater 
depth,  hydraulic  conductivity,  gradient,  flow  direction,  and  soil  type.  The  second 
category  was  the  site  geochemistry,  or  how  the  site  contaminants  are  interacting  with 
electron  acceptors,  microorganisms,  and  other  site  contaminants.  Both  of  these 
categories  influence  the  types  of  remedial  technologies  most  appropriate  for  the  site. 
The  third  category  involved  assumptions  about  future  land  use  and  potential  receptor 
exposure  pathways.  Each  of  these  site-specific  characteristics  has  influenced  the 
development  of  remedial  alternatives  included  in  the  comparative  evaluation. 

6.2.3.1  Physical  Characteristics 

Site  geology  and  hydrogeology  have  a  profound  effect  on  the  transport  of 
contaminants  and  the  effectiveness  and  scope  of  required  remedial  technologies  at  a 
given  site.  Hydraulic  conductivity  is  perhaps  the  most  important  aquifer  parameter 
governing  groundwater  flow  and  contaminant  transport  in  the  subsurface.  The  velocity 
of  the  groundwater  and  dissolved  contamination  is  directly  related  to  the  hydraulic 
conductivity  of  the  saturated  zone.  The  estimated  average  hydraulic  conductivity  at 
ST-24  is  0.0403  ft/min  (58  ft/day)  (Section  3. 3. 2. 2),  which  is  characteristic  of  clean, 
fine-  to  medium-grained  sand  (Freeze  and  Cherry,  1979).  This  contributes  to  a 
moderately  high  advective  groundwater  velocity,  estimated  at  700  ft/yr. 

Although  the  relatively  high  hydraulic  conductivities  of  the  study  area  can  result  in 
greater  plume  expansion  and  migration,  this  same  characteristic  also  can  enhance  the 
effectiveness  of  other  remedial  technologies,  such  as  groundwater  extraction, 
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biosparging,  and  RNA.  For  example,  it  should  be  less  expensive  and  time-consuming 
to  capture  and  treat  a  contaminant  plume  using  a  network  of  extraction  wells  in  an  area 
of  high  hydraulic  conductivity  because  each  well  could  envelope  a  larger  area  of 
influence  and  sustain  a  higher  flow  rate.  The  effectiveness  of  biosparging  also  may  be 
increased  in  highly  conductive  and/or  homogeneous  aquifers  because  of  reduced  entry 
pressures  and  short-circuiting,  and  increased  mixing  of  sparge  air  and  groundwater.  In 
addition,  greater  hydraulic  conductivity  would  increase  the  amount  of  contaminant  mass 
traveling  through  a  biosparging  network.  Given  a  moderately  high  groundwater 
velocity,  the  effectiveness  of  natural  attenuation  can  increase  as  a  result  of  enhanced 
dilution  and  dispersion  of  the  contaminant  mass.  The  movement  of  contaminant  mass 
within  the  subsurface  away  from  the  source  area  also  can  bring  contaminants  into 
contact  with  a  larger  mass  of  electron  acceptors,  thereby  increasing  rates  of 
biodegradation. 

Like  hydraulic  conductivity,  the  organic  carbon  content  of  native  phreatic  zone  soils 
can  affect  the  effectiveness  of  remedial  alternatives.  Soils  across  the  phreatic  surface  in 
the  study  area  have  a  low  TOC  content  (less  than  0.06  percent),  and  therefore,  the  soils 
have  a  correspondingly  low  sorptive  potential.  However,  sorptive  capacity  is  sufficient 
to  cause  a  difference  in  the  groundwater  and  contaminant  velocities.  The  difference 
between  contaminant  and  groundwater  velocity  increases  the  effectiveness  of 
biodegradation  in  the  source  area  because  there  are  fresh  electron  acceptors  flowing 
past  the  slower  moving  dissolved  contaminant  mass. 

6.2.3.2  Geochemical  Characteristics 

To  satisfy  the  requirements  of  indigenous  microbial  activity  and  RNA,  the  aquifer 
also  must  provide  an  adequate  and  available  carbon  or  energy  source  (e.g.,  fuel 
hydrocarbon  contamination),  electron  acceptors,  essential  nutrients,  and  proper  ranges 
of  pH,  temperature,  and  redox  potential.  Data  collected  as  part  of  the  field  work  phase 
of  this  demonstration  project,  and  described  in  Sections  3  and  4  of  this  TS,  indicate  that 
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this  site  is  characterized  by  adequate  and  available  carbon/energy  sources  and  electron 
acceptors  to  support  measurable  biodegradation  of  fuel  hydrocarbon  contamination  by 
indigenous  microorganisms.  DO,  nitrate,  ferric  iron,  sulfate,  carbon  dioxide,  and 
dissolved  nitrogen  represent  sources  of  significant  electron  acceptor  capacity  for  the 
biodegradation  of  BTEX  compounds  at  Site  ST-24  (Table  4.6).  The  average  pH  in 
shallow  site  groundwater  ranged  between  4.6  and  6.4  standard  units  in  November 
1996.  This  is  lower  than  the  optimal  range  for  biodegradation  of  6  to  8  standard  pH 
units  and  bacteria  populations  can  be  expected  to  decrease,  in  turn  reducing  the  rate  of 
BTEX  biodegradation  (Wiedemeier  et  al.,  1995).  Nevertheless,  biodegradation  has 
been  observed  to  be  occurring  at  a  fairly  high  rate  at  this  site.  Redox  potentials  ranged 
from  338  to  -234  mV  in  November  1996  (Figure  4.8),  and  suggest  a  groundwater 
environment  that  is  both  oxidizing  and  reducing.  The  changes  in  geochemical 
parameters  at  the  site  suggest  that  aerobic  biodegradation,  nitrate  reduction,  iron 
reduction,  sulfate  reduction,  nitrogen  fixation,  and  methanogenesis  (consistent  with 
observed  geochemical  indicator  trends  discussed  in  Section  4),  are  reducing  fuel 
contamination  in  groundwater.  Groundwater  data  presented  in  Section  4  strongly 
support  this  conclusion. 

Microbe  addition  was  not  considered  a  viable  remedial  approach  for  this  site  on  the 
basis  of  observed  geochemical  trends  that  suggest  that  significant  microbial  activity  is 
likely  occurring.  Fuel-hydrocarbon-degrading  microorganisms  are  ubiquitous  in  the 
subsurface,  and  as  many  as  28  hydrocarbon-degrading  isolates  (bacteria  and  fungi)  have 
been  discovered  in  different  soil  environments  (Davies  and  Westlake,  1979;  Jones  and 
Eddington,  1968).  Indigenous  microorganisms  have  a  distinct  advantage  over 
microorganisms  injected  into  the  subsurface  to  enhance  biodegradation  because 
indigenous  microorganisms  are  well  adapted  to  the  physical  and  chemical  conditions  of 
the  subsurface  in  which  they  reside  (Goldstein  et  al.,  1985). 
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6.2.3.3  Potential  Receptor  Exposure  Pathways 

A  pathways  analysis  identifies  the  potential  human  and  ecological  receptors  that 
could  come  into  contact  with  site-related  contamination  and  the  pathways  through 
which  these  receptors  might  be  exposed.  To  have  a  completed  exposure  pathway,  there 
must  be  a  source  of  contamination,  a  potential  mechanism  of  release,  a  pathway  of 
transport  to  an  exposure  point,  an  exposure  point,  and  a  receptor.  If  any  of  these 
elements  do  not  exist,  the  exposure  pathway  is  considered  incomplete,  and  receptors 
will  not  come  into  contact  with  site-related  contamination.  Evaluation  of  the  potential 
long-term  effectiveness  of  any  remedial  technology  or  remedial  alternative  as  part  of 
this  demonstration  project  includes  determining  the  potential  for  pathway  completion. 
If  a  completed  exposure  pathway  exists  (e.g.,  surface  water  contact),  potential  long¬ 
term  remedial  options  still  may  be  sufficient  to  maintain  exposure  concentrations  below 
regulatory  action  levels.  Establishing  site-specific,  risk-based  cleanup  levels  is  beyond 
the  scope  of  this  TS. 

Assumptions  about  current  and  future  land  uses  at  a  site  form  the  basis  for 
identifying  potential  receptors,  potential  exposure  pathways,  reasonable  exposure 
scenarios,  and  appropriate  remediation  goals.  USEPA  (1991)  advises  that  the  land  use 
associated  with  the  highest  (most  conservative)  potential  level  of  exposure  and  risk  that 
can  reasonably  be  expected  to  occur  should  be  used  to  guide  the  identification  of 
potential  exposure  pathways  and  to  determine  the  level  to  which  a  site  must  be 
remediated. 

Site  ST-24  is  currently  used  as  a  recreational  (open  space)  area.  The  site  is 
surrounded  by  Base  housing  to  the  west  of  the  site  and  recreational  areas  (e.g.,  open 
spaces,  softball  fields)  to  the  north,  south,  and  east  sides  of  the  site.  In  the 
hydraulically  connected  downgradient  direction  (southwest),  recreational  areas  and  Base 
housing  extend  for  at  least  3,000  feet.  There  are  no  downgradient  on-Base  wells  that 
provide  potable  water  to  Columbus  AFB.  The  closest  off-Base  private  wells  are 
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located  3,300  feet  to  the  east  and  5,100  feet  to  the  southeast  of  Site  ST-24.  Observed 
BTEX  concentrations  (Figure  4.1)  and  modeling  results  (Section  5)  suggest  that 
contaminant  concentrations  emanating  from  Site  ST-24  are  attenuated  long  before 
reaching  the  downgradient  Base  boundary,  located  1,000  feet  southwest  of  Site  ST-24. 

Under  reasonable  current  land  use  assumptions,  potential  receptors  include  Base 
intrusive  workers  and  possibly  downgradient  Base  residents,  because  the  model  results 
suggest  that  the  dissolved  BTEX  plume  will  not  migrate  far  enough  to  pose  a  threat  to 
potential  receptors  exposed  at  the  nearest  downgradient  off-Base  well.  Workers  could 
be  exposed  to  site-related  contamination  in  shallow  groundwater  or  soils  beneath  the 
water  table  if  these  materials  are  removed  or  exposed  during  future  construction 
excavations  or  remedial  activities.  Residents  could  possibly  be  exposed  to  groundwater 
VOCs  that  have  migrated  beneath  Base  housing  and  volatilzed  into  contaminated  soil 
vapors  that  could  seep  into  housing  basements  via  cracks  in  the  foundation.  However, 
modeling  presented  in  Section  5  suggest  that  under  current  conditions  contaminated 
groundwater  will  not  migrate  beneath  Base  housing.  Groundwater  from  the  shallow 
aquifer  downgradient  from  Site  ST-24  is  not  currently  used  to  meet  any  demands  at 
Columbus  AFB.  Currently,  there  are  five  deep  on-Base  wells  that  provide  potable 
water  to  Columbus  AFB,  none  of  which  are  downgradient  from  the  site.  Columbus 
AFB  plans  to  connect  to  the  City  of  Columbus  water  system  in  1997. 

The  potential  future  exposure  pathways  involving  Base  workers  are  identical  to  those 
under  current  conditions.  Given  the  current  and  future  land  use  scenarios,  the  use  of 
RNA  at  this  site  will  require  that  the  source  area  be  maintained  as  recreational 
property,  and  that  restrictions  on  shallow  groundwater  use  be  enforced  in  areas 
downgradient  from  the  site  until  RNA  and/or  engineered  source  removal  can  reduce 
contaminants  to  regulatory  action  levels.  If  source  reduction  technologies  such  as  SVE, 
bioventing,  or  excavation  are  implemented,  they  will  have  some  impact  on  the  short- 
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and  long-term  land  use  options,  and  some  level  of  institutional  control  and  worker 
protection  during  remediation  may  be  required. 

6.2.3.4  Remediation  Goals  for  Shallow  Groundwater 

The  federal  MCLs  for  BTEX  and  other  VOCs  (MDEQ,1991)  are  adopted  as  the 
state  water  quality  MCLs  by  the  MDEQ  (MDEQ  Office  of  Pollution  Control, 
Groundwater  Division,  Groundwater  Quality  Standards,  Section  3,  Numerical 
Groundwater  Standards,  1991).  MCLs  for  the  BTEX  compounds  are  presented  in 
Table  6.1.  Although  it  is  unlikely  that  groundwater  from  Site  ST-24  would  be  ingested 
by  humans  because  there  are  no  current  downgradient  water  supplies  in  close  proximity 
to  the  site  and  the  Base  is  converting  to  a  City  supply  system  in  the  near  future,  the 
state  MCL  of  5  pg/L  for  benzene  will  be  used  to  evaluate  the  effectiveness, 
implementability,  and  cost  of  remedial  alternatives  in  this  TS. 

TABLE  6.1 

GROUNDWATER  QUALITY  STANDARDS 
SITE  ST-24  RNA  TS 


COLUMBUS  A1 

m,  Mississippi 

Compound 

State  Maximum 
Contaminant  Level 
(Ug/L)*7 

Benzene 

5 

Toluene 

1,000 

Ethylbenzene 

700 

Xylenes 

10,000 

Source:  MDEQ  Office  of  Pollution  Control,  Groundwater  Division,  Groundwater  Quality 
Standards,  Section  3,  Numerical  Groundwater  Standards,  1991. 

For  this  TS,  the  primary  remedial  action  objective  (RAO)  for  evaluation  of 
remediation  technologies  for  shallow  groundwater  is  to  reduce  contaminant 
concentrations  in  groundwater  to  below  state  regulatory  criteria  at  downgradient  sentry 
wells.  To  accomplish  this,  remedial  alternatives  focus  on  limiting  migration  of  the 


6-12 


l:\PROJECTS\729691\COLUMB\24RNATS\24.DOC 


DRAFT 


dissolved  contaminant  plume  away  from  Site  ST-24  toward  Base  housing,  while  relying 
on  RNA  to  reduce  contaminant  concentrations  throughout  the  plume. 

Viable  remedial  alternatives  must  be  able  to  achieve  MCLs  or  other  risk-based 
standards  that  are  protective  of  human  health  and  the  environment.  Use  of  risk-based 
cleanup  goals  developed  specifically  for  Site  ST-24  groundwater  may  allow  compliance 
with  less  stringent  groundwater  quality  standards.  If  groundwater  concentrations 
protective  of  human  health  and  the  environment  can  be  negotiated  with  the  state  on  the 
basis  of  site-specific  exposure  scenarios,  the  time  and  cost  of  the  proposed  remedial 
alternative  (Section  6.5)  could  potentially  be  decreased. 

In  summary,  available  data  suggest  that  completed  exposure  pathways  involving 
human  and  ecological  receptors  exposed  to  contaminated  groundwater  do  not  exist 
under  current  conditions.  The  site  is  currently  used  as  a  recreational  area,  and  no 
intrusive  activities  are  planned  in  the  near  future.  The  required  period  of  any 
groundwater  and  soil  institutional  controls  associated  with  the  selected  remedial 
technology  is  likely  to  expire  before  any  anticipated  future  land  use  changes. 

6.2.4  Summary  of  Remedial  Option  Screening 

Several  remedial  options  have  been  identified  and  screened  for  use  in  treating  the 
shallow  groundwater  at  the  site.  Table  6.2  identifies  the  initial  remedial  technologies 
and  approaches  considered  as  part  of  this  demonstration  and  those  retained  for  detailed 
comparative  analysis.  Screening  was  conducted  systematically  by  considering  the 
program  objectives  of  the  AFCEE  RNA  demonstration,  physiochemical  properties  of 
BTEX,  and  other  site-specific  characteristics  such  as  hydrogeology,  geochemistry,  land 
use  assumptions,  potential  receptor  exposure  pathways,  and  appropriate  remediation 
goals.  All  of  these  factors  will  influence  the  technical  effectiveness,  implementation, 
and  relative  cost  of  technologies  for  remediating  shallow  groundwater  underlying  and 
migrating  from  the  site.  The  remedial  options  retained  for  development  of  remedial 
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TABLE  6.2 

INITIAL  TECHNICAL  IMPLEMENT  ABILITY  SCREENING  OF 
TECHNOLOGIES  AND  PROCESS  OPTIONS  FOR  GROUNDWATER  REMEDIATION 

SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 
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TABLE  6.2  (continued) 

INITIAL  TECHNICAL  IMPLEMENTABILITY  SCREENING  OF 
TECHNOLOGIES  AND  PROCESS  OPTIONS  FOR  GROUNDWATER  REMEDIATION 

SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 
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TABLE  6.2  (concluded) 

INITIAL  TECHNICAL  IMPLEMENTABILITY  SCREENING  OF 
TECHNOLOGIES  AND  PROCESS  OPTIONS  FOR  GROUNDWATER  REMEDIATION 

SITE  ST-24  RNA  TS 
COLUMBUS  AFB,  MISSISSIPPI 
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alternatives  and  comparative  analysis  include  institutional  controls,  RNA,  LTM, 
biosparging/SVE,  and  groundwater  pumping. 

6.3  BRIEF  DESCRIPTION  OF  REMEDIAL  ALTERNATIVES 

This  section  describes  how  remedial  technologies  retained  from  the  screening 
process  were  combined  into  three  remedial  alternatives  for  the  study  area.  Sufficient 
information  on  each  remedial  alternative  is  provided  to  facilitate  a  comparative  analysis 
of  effectiveness,  implementability,  and  cost  in  Section  6.4. 

6.3.1  Alternative  1  -  RNA  and  Institutional  Controls  with  Long-Term 
Groundwater  Monitoring 

RNA  is  achieved  when  natural  attenuation  mechanisms  bring  about  a  reduction  in 
the  total  mass  of  a  contaminant  in  the  soil  or  dissolved  in  groundwater.  RNA  results 
from  the  integration  of  several  subsurface  attenuation  mechanisms  that  are  classified  as 
either  destructive  or  nondestructive.  Destructive  attenuation  mechanisms  include 
biodegradation,  abiotic  oxidation,  and  hydrolysis.  Nondestructive  attenuation 
mechanisms  include  sorption,  dilution  (caused  by  dispersion  and  infiltration),  and 
volatilization.  In  some  cases,  RNA  will  reduce  dissolved  contaminant  concentrations 
below  numerical  concentration  goals  intended  to  be  protective  of  human  health  and  the 
environment.  As  indicated  by  the  evidence  of  RNA  described  in  Section  4,  these 
processes  are  occurring  in  the  vicinity  of  Site  ST-24  and  will  continue  to  reduce 
contaminant  mass  in  the  plume  area. 

Implementation  of  Alternative  1  would  require  the  use  of  institutional  controls  such 
as  land  use  restrictions  and  LTM.  Land  use  restrictions  may  include  placing  long-term 
restrictions  on  soil  excavation  within  the  source  area  and  long-term  restrictions  on 
groundwater  well  installations  within  and  downgradient  from  the  plume  area.  The 
intent  of  these  restrictions  would  be  to  reduce  potential  receptor  exposure  to 
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contaminants  by  legally  restricting  activities  within  areas  affected  by  site-related 
contamination. 

Long-term  monitoring  would  be  performed  at  a  regular  frequency  and  would  consist 
of  sampling  a  set  of  wells,  including  upgradient,  source  area,  plume  extent,  and  sentry 
monitoring  wells.  The  site-  and  alternative-specific  LTM  strategy  is  provided  in 
Section  7.  On  the  basis  of  predictive  contaminant  fate  and  transport  model  results 
(Section  6.4),  it  is  unlikely  that  contaminant  concentrations  exceeding  MDEQ 
groundwater  MCLs  would  approach  a  potential  receptor  exposure  point.  Nevertheless, 
LTM  is  the  technical  mechanism  used  to  evaluate  the  progress  of  natural  attenuation 
processes  and  to  ensure  that  remedial  objectives  are  being  met.  Detection  of  benzene  in 
excess  of  the  MDEQ  MCL  of  5  pg/L  at  any  sentry  well  may  require  additional 
evaluation  to  assess  BTEX  migration  and  to  determine  the  probable  extent  of  migration, 
or  to  determine  if  additional  corrective  action  is  necessary.  Regulatory  standards  for 
other  detected  fuel  compounds  are  much  higher;  therefore,  it  is  unlikely  that  these 
standards  would  be  exceeded  sooner  than  would  the  benzene  standard.  In  either  case, 
land  use  restrictions  would  require  reevaluation. 

Public  education  on  the  selected  alternative  would  be  developed  to  inform  Base 
personnel  and  residents  of  the  scientific  principles  underlying  source  reduction  and 
RNA.  This  education  could  be  accomplished  through  public  meetings,  presentations, 
press  releases,  and  posting  of  signs  where  appropriate.  Periodic  site  reviews  also  could 
be  conducted  every  year  using  data  collected  from  the  long-term  groundwater 
monitoring  program.  The  purpose  of  these  periodic  reviews  would  be  to  evaluate  the 
extent  of  contamination,  assess  contaminant  migration  and  attenuation  through  time, 
document  the  effectiveness  of  source  removal  and/or  institutional  controls  at  the  site, 
and  reevaluate  the  need  for  additional  remedial  actions  at  the  site. 


6-18 


I  :\PROJECTS\72969 1  \COLUMB\24RN  ATS\24.  DOC 


DRAFT 


6.3.2  Alternative  2  -  Biosparging  with  Soil  Vapor  Extraction  In  and 
Downgradient  from  the  Source  Area,  RNA,  and  Institutional  Controls  with  Long- 
Term  Groundwater  Monitoring 

This  alternative  is  identical  to  Alternative  1  except  that  a  biosparging  system  would 
be  used  to  enhance  the  biodegradation  of  organic  contaminants  in  subsurface  soils  and 
groundwater  by  supplying  oxygen  to  indigenous  microbes  using  low-flow  air  injection 
in  the  ST-24  source  area.  The  biosparging  system  would  also  be  used  to  minimize 
downgradient  migration  of  dissolved  contamination  by  placing  a  line  of  sparging  wells 
perpendicular  to  the  observed  groundwater  flow  direction  just  upgradient  from  the  Base 
housing  to  the  west  of  site  ST-24.  The  biosparging  system  is  intended  to  be  operated  at 
a  low  rate  of  air  injection  that  significantly  reduces  emissions  into  the  atmosphere  while 
maximizing  in  situ  biodegradation.  An  SVE  system  could  be  used  in  conjunction  with 
the  biosparging  system  to  prevent  migration  of  contaminated  soil  gas  toward  the  nearby 
Base  housing.  If  it  is  determined  that  the  efficiency  of  the  biosparging  system  would 
be  improved  by  substantially  increasing  the  air  injection  rate,  the  SVE  system  also 
could  be  expanded  to  recover  virtually  all  injected  gases  and  displaced  soil  vapors  prior 
to  discharge  to  the  atmosphere. 

On  the  basis  of  Parsons  ES  experience  in  the  application  of  biosparging  technology, 
two  vertical  air  injection  wells  installed  within  the  source  area,  defined  as  the  area  of 
contaminated  vadose  zone  soils  and  groundwater,  should  be  sufficient  to  remediate  the 
contamination  surrounding  the  former  USTs  and  fuel  distribution  systems.  Another 
three  air  injection  wells  would  be  installed  west  of  Independence  Avenue  in  order  to 
prevent  dissolved  groundwater  contamination  from  migrating  beneath  the  Base  housing 
located  west  of  the  site.  Approximately  five  shallow  vapor  monitoring  points  also 
would  be  installed  for  measurement  of  the  effectiveness  of  the  injection  wells.  The 
SVE  component  of  the  biosparging  system  also  is  designed  in  two  portions.  Five  vapor 
extraction  points  would  be  located  between  Independence  Avenue  and  just 
downgradient  from  the  proposed  biosparging  curtain  to  intercept  the  migration  of  any 
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potential  contaminated  soil  gas  toward  the  on-Base  residences.  Another  two  SVE 
points  would  be  placed  in  the  source  area  to  prevent  migration  of  contaminated  vapors 
to  the  recreational  area  just  above  the  source  area. 

The  conceptual  design  assumes  that  biosparging  points  would  be  30  feet  deep  with 
10  feet  of  screen  located  approximately  15  feet  beneath  the  water  table.  Biosparging 
well  are  also  assumed  to  have  an  approximate  radius  of  influence  of  25  feet.  SVE 
points  would  be  15  feet  deep  with  no  more  than  10  feet  of  screen.  The  conceptual 
radius  of  influence  for  each  SVE  point  is  35  feet.  To  conservatively  estimate  the  cost 
of  remediation,  it  was  assumed  that  the  biosparging  system  coupled  with  SVE  would  be 
operated  for  5  years. 

As  with  Alternative  1,  institutional  controls  and  LTM  would  be  required.  LTM 
wells  would  be  the  same  as  described  for  Alternative  1 . 

6.3.3  Alternative  3  -  Groundwater  Extraction,  RNA,  and  Institutional  Controls 
with  Long-Term  Groundwater  Monitoring 

Groundwater  extraction  at  Site  ST-24  would  be  performed  for  plume  containment 
rather  than  source  reduction.  Two  8-inch-diameter  groundwater  extraction  wells  would 
be  placed  just  downgradient  from  the  source  and  just  upgradient  from  the  Base  housing 
along  Independence  Avenue  in  the  observed  groundwater  flow  direction.  The 
groundwater  extraction  wells  will  prevent  contaminated  groundwater  from  migrating 
beneath  any  Base  housing  just  west  of  ST-24  and  prevent  completion  of  any  potential 
receptor  pathways.  Because  groundwater  extraction  is  not  proposed  for  source 
reduction  it  would  not  appreciably  reduce  the  predicted  length  of  time  required  for 
RNA  to  complete  groundwater  remediation.  In  addition,  because  the  groundwater 
extraction  system  potentially  generates  a  large  volume  of  waste  requiring  treatment  and 
disposal,  the  alternative  does  not  comply  well  with  objectives  of  the  AFCEE  initiative. 
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As  with  Alternative  1,  institutional  controls  and  LTM  would  be  required.  LTM 
wells  would  be  the  same  as  described  for  Alternative  1. 

6.4  Evaluation  of  Alternatives 

This  section  provides  a  comparative  analysis  of  each  of  the  remedial  alternatives 
based  on  the  effectiveness,  implementability,  and  cost  criteria.  A  summary  of  this 
evaluation  is  presented  in  Section  6.5. 

6.4.1  Alternative  1  -  RNA  and  Institutional  Controls  with  Long-Term 
Groundwater  Monitoring 

6.4.1. 1  Effectiveness 

Alternative  1  is  based  on  the  effectiveness  of  natural  processes  that  minimize 
contaminant  migration  and  reduce  contaminant  mass  over  time,  and  the  effectiveness  of 
institutional  controls.  Model-NA  was  used  to  simulate  the  migration  and 
biodegradation  of  the  BTEX  plume  assuming  that  only  natural  physical  weathering 
(e.g.,  dissolution,  volatilization)  decreases  BTEX  loading  in  the  source  areas.  Model- 
NA  assumes  that  site  remediation  relies  entirely  on  natural  attenuation  mechanisms. 
Model  results  predicted  that  natural  attenuation  mechanisms  will  continue  to  limit 
BTEX  migration  and  reduce  contaminant  mass  and  toxicity.  BTEX  (and  specifically 
benzene)  concentrations  should  not  exceed  state  MCLs  at  the  sentry  wells. 
Groundwater  monitoring  at  the  LTM  and  sentry  wells  will  allow  for  continued 
evaluation  of  BTEX  migration  and  ensure  the  safety  of  this  alternative.  However, 
while  this  alternative  would  not  cease  to  be  protective  if  the  BTEX  plume  were 
intercepted  by  the  sentry  wells,  such  an  instance  would  indicate  that  site  conditions 
should  be  reevaluated. 

The  calibrated  model  (Section  5)  was  used  as  the  foundation  for  predicting  future 
plume  migration  assuming  natural  attenuation  processes  alone  were  working  to  reduce 
the  dissolved  contaminant  mass  at  Site  ST-24.  The  future  predictions  based  on  the 
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calibrated  model  input  terms  is  called  Model-NA.  Model-NA  is  intended  to  predict  the 
fate  and  transport  of  dissolved  BTEX  compounds  if  engineered  remedial  action  is  not 
implemented  at  Site  ST-24. 

Because  the  fuel  spill  and  site  history  of  ST-24  is  not  well  documented,  the  model 
assumed  a  source  of  46.5  mg/L  that  was  conservatively  decayed  at  an  annual  rate  of  8 
percent  to  approximate  the  plume  shape  observed  in  November  1996.  This  decay  rate 
is  conservative  because  weathering  and  natural  attenuation  processes  both  will  steadily 
decrease  the  amount  of  BTEX  in  both  the  source  area  and  throughout  the  dissolved 
contaminant  plume.  Therefore,  Model-NA  is  considered  to  be  the  “worst  case- 
scenario”  for  dissolved  contaminants  at  Site  ST-24. 

Contaminant  plume  migration  predictions  from  Model-NA  suggest  a  relatively  slow 
plume  recession  with  total  dissolved  BTEX  concentrations  falling  below  5  pg/L  after 
107  years.  Assuming  that  benzene  remains  approximately  5  percent  of  the  total 
dissolved  BTEX  in  the  source  area,  benzene  concentrations  should  fall  below  5  pg/L  in 
70  years.  Assuming  an  8-percent  annual  source  decay  rate,  Model-NA  predicts  that 
more  than  95  percent  of  the  total  dissolved  contaminant  mass  will  be  degraded  in  40 
years  (by  2037),  and  more  than  85  percent  of  the  dissolved  contaminant  mass  would  be 
degraded  in  30  years  (by  2027).  Model  outputs,  including  graphs  of  total  dissolved 
BTEX  concentration  versus  time  and  distance,  are  provided  in  Appendix  C. 

The  effectiveness  of  this  remedial  alternative  requires  that  future  intrusive  site 
activities  or  construction  activities  within  the  source  area  be  conducted  only  by  properly 
protected  site  workers.  Reasonable  land  use  assumptions  for  the  plume  area  indicate 
that  exposure  is  unlikely  unless  excavation  or  drilling  activities  bring  saturated  soil  to 
the  surface.  Long-term  land  use  restrictions  would  be  required  to  ensure  that  shallow 
groundwater  is  not  pumped  or  removed  for  potable  use  within  a  radius  of 
approximately  500  feet  from  the  margins  of  the  existing  BTEX  plume.  Existing  health 
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and  safety  plans  should  be  enforced  to  reduce  worker  exposures  during  any  site 
excavation  or  installing  and  monitoring  additional  wells. 

Compliance  with  program  goals  is  one  component  of  the  long-term  effectiveness 
evaluation  criterion.  Alternative  1  would  satisfy  program  objectives  designed  to 
promote  RNA  as  a  component  of  site  remediation  and  to  scientifically  document  natural 
processes.  Limited  drill  cuttings  would  be  generated  during  construction  of  new 
monitoring  wells.  This  alternative  also  satisfies  program  goals  for  cost  effectiveness 
and  waste  minimization. 

Apart  from  the  administrative  concerns  associated  with  the  enforcement  of  long-term 
land  use  restrictions  and  long-term  groundwater  monitoring  programs,  this  remedial 
alternative  should  provide  reliable,  continued  protection.  For  costing  purposes,  it  is 
assumed  that  the  model  is  overly  conservative  and  that  dissolved  benzene 
concentrations  will  exceed  state  and  federal  criteria  throughout  the  plume  for 
approximately  30  years  under  Alternative  1.  Furthermore,  it  is  assumed  that  sampling 
will  be  performed  for  30  years,  annually  for  5  years  and  every  second  year  for  the  next 
25  to  demonstrate  that  RNA  will  uniformly  reduce  all  dissolved  BTEX  compounds  to 
levels  below  regulatory  criteria. 

6.4. 1.2  Implementability 

Alternative  1  is  not  technically  difficult  to  implement.  Installation  of  any  additional 
LTM  and  sentry  wells  and  monitoring  of  groundwater  are  standard  procedures.  Long¬ 
term  management  efforts  would  be  required  to  ensure  proper  sampling  and  analysis 
procedures  are  followed.  Periodic  site  reviews  should  be  conducted  to  confirm  the 
adequacy  and  completeness  of  LTM  data  and  verify  the  effectiveness  of  this 
remediation  approach.  There  also  may  be  administrative  concerns  associated  with 
long-term  enforcement  of  groundwater  use  restrictions.  In  summary,  the  use  of  RNA 
at  this  site  will  require  that  the  source  area  be  maintained  as  recreational  property,  and 
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that  restrictions  on  shallow  groundwater  use  be  enforced  in  areas  downgradient  from 
the  site  until  the  site  has  been  remediated.  Therefore,  with  the  exception  of  any 
subsurface  work  at  the  site,  the  potential  risk  of  exposure  to  fuel  hydrocarbons  for  Base 
personnel  will  remain  the  same.  If  required,  the  public  and  the  regulators  would  have 
to  be  informed  of  the  benefits  and  limitations  of  the  RNA  option.  Educational 
programs  are  not  difficult  to  implement.  Where  the  effectiveness  of  this  option  has 
been  demonstrated,  the  initial  regulatory  reaction  to  this  alternative  has  been  positive. 

6.4.1.3  Cost 

The  cost  of  Alternative  1  is  summarized  in  Table  6.3.  Capital  costs  are  limited  to 
the  construction  of  five  new  LTM  wells  and  three  new  sentry  wells.  Included  in  the 
$232,212  total  present-worth  cost  estimate  for  Alternative  1  are  the  costs  of 
maintaining  institutional  controls  and  long-term  groundwater  monitoring  at  10  LTM 
and  sentry  wells  for  30  years,  annually  for  5  years  and  every  second  year  for  25  more 
years.  If  after  30  years  the  contaminant  plume  has  not  been  completely  attenuated, 
LTM  would  be  continued.  It  is  recommended  that  conditions  at  ST-24  be  reevaluated 
after  20  years  of  LTM  because  model  predictions  of  the  fate  and  transport  of 
groundwater  contamination  at  the  study  area  are  conservative,  and  groundwater 
remediation  may  be  faster  than  predicted  (Section  5.7).  If  the  groundwater  plume  at 
the  site  recedes  more  rapidly  than  predicted  or  disappears,  then  monitoring  may  be 
eliminated. 
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TABLE  6.3 

ALTERNATIVE  1  -  COST  ESTIMATE 

SITE  ST-24  RNA  TS 

COLUMBUS  AFB,  MISSISSIPPI 

Capital  Costs 

Design/Construct  8  LTM/Sentry  Wells 

Cost 

$20,761 

Monitoring  Costs  (per  Sampling  Event) 

Conduct  Groundwater  Sampling  at  10  wells 

(annually  for  5  years,  every  other  year  for  25  more  years) 

Cost  per  Event 

$11,410 

Maintain  Institutional  Controls/Public  Education  (30  years) 

$5,000 

Project  Management  and  Reporting  (30  years) 

$4,747 

Present  Worth  of  Alternative  1  ^ 

$232,212 

a/  Based  on  an  annual  adjustment  factor  of  7  percent  (USEPA,  1993). 

6.4.2  Alternative  2  -  Biosparging  with  Soil  Vapor  Extraction  In  and 
Downgradient  from  the  Source  Area,  RNA,  Institutional  Controls,  and  Long- 
Term  Groundwater  Monitoring 

6.4.2. 1  Effectiveness 

The  effectiveness  of  RNA  and  institutional  controls  with  LTM  is  discussed  for 
Alternative  1  in  Section  6.4. 1.1.  Biosparging  is  an  established  technology  for  reducing 
source  contamination  and  controlling  plume  migration.  The  goal  of  biosparging  would 
be  to  effect  the  removal  of  BTEX  from  the  source  area  so  that  RNA  of  dissolved 
contaminants  in  the  groundwater  could  proceed  without  the  continual  infusion  of 
additional  contaminants.  In  addition,  a  downgradient  biosparging  curtain  just  west  of 
Independence  Avenue  would  prevent  any  migration  of  dissolved  contaminants  beneath 
Base  housing.  SVE  would  be  coupled  with  biosparging  to  prevent  migration  of 
contaminated  vapors  into  on-Base  housing  and  recreation  areas.  The  model  suggests 
that  reduction  of  the  source  would  enhance  the  effectiveness  of  RNA,  expedite  the 
decrease  in  the  size  of  the  BTEX  plume,  and  prevent  migration  of  contaminated 
groundwater  beneath  Base  housing. 
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To  estimate  the  impact  of  biosparging  on  the  fate  and  transport  of  dissolved  BTEX 
in  the  shallow  groundwater,  a  model  that  incorporated  a  conservative  source  decay  rate 
of  50-percent  per  year  was  performed.  Model  results  (Model-BB)  suggest  that 
maximum  dissolved  BTEX  concentrations  will  rapidly  decrease  both  in  the  source  area 
and  at  the  leading  edge  of  the  contaminant  plume.  Approximately  5  years  after 
implementation  of  biosparging  (calendar  year  2004),  Model-BB  predicts  that  more  than 
95  percent  of  the  dissolved  contaminant  mass  will  have  been  completely  degraded. 
Model-BB  predicts  the  complete  degradation  of  the  dissolved  BTEX  contamination  in 
just  over  17  years.  Model  output,  including  graphs  of  concentration  versus  time  and 
distance,  are  provided  in  Appendix  C. 

Alternative  2  should  provide  reliable,  continuous  protection  with  little  risk  from 
temporary  system  failures.  This  alternative  also  complies  with  AFCEE  program  goals 
because  RNA  remains  the  predominant  remediation  method  for  fuel  hydrocarbons 
dissolved  in  groundwater  at  the  site.  This  remedial  alternative,  however,  will  result  in 
the  generation  of  additional  contaminated  drill  cuttings  that  may  require  treatment 
and/or  disposal.  Furthermore,  off-gas  from  the  SVE  system  may  require  expensive 
treatment  prior  to  atmospheric  release. 

6.4.2.2  Implementability 

Installing  and  operating  a  biosparging/S VE  system  to  reduce  residual  fuel 
hydrocarbons  in  the  source  areas  is  more  complex  than  Alternative  1;  however,  major 
obstacles  are  not  anticipated.  Installation  of  the  biosparging/S  VE  system  involves 
standard  engineering  design  and  construction,  including  the  installation  of  air  injection 
wells,  vapor  extraction  wells,  a  regenerative  blower  system  (2  blowers),  electrical 
supply,  and  system  integration. 

Installation  and  operation  of  a  biosparging/SVE  system  would  require  an  increased 
commitment  of  labor  hours  and  other  resources  to  maintain  and  monitor  the  system. 
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Periodic  maintenance  would  be  required  for  the  regenerative  blowers.  Weekly  system 
checks  are  recommended,  and  operating  data  such  as  injection  pressures  or  extraction 
vacuum  and  flow  rates  would  be  manually  recorded.  It  is  conservatively  estimated  that 
the  biosparging/SVE  system  would  be  operational  for  5  years.  In  addition,  an  SVE  air 
emissions  permit  may  need  to  be  obtained  prior  to  system  start-up.  The  technical  and 
administrative  implementability  concerns  associated  with  the  natural  attenuation  and 
LTM  components  of  this  remedial  alternative  are  similar  to  those  discussed  for 
Alternative  1. 

6.4.2.3  Cost 

The  estimated  capital  and  operating  costs  of  Alternative  2  are  shown  in  Table  6.4. 
The  total  present-worth  cost  of  Alternative  2  is  $552,802.  The  cost  of  Alternative  2  is 
increased  from  the  cost  of  Alternative  1  by  the  addition  of  the  biosparging  and  SVE 
systems,  including  system  design,  construction,  operation,  and  maintenance  (including 
SVE  off-gas  treatment  using  carbon).  It  is  assumed  that  the  biosparging/SVE  system 
would  operate  for  5  years  after  installation.  LTM  is  assumed  to  occur  annually  for 
5  years  and  every  other  year  for  5  more  years  to  ensure  that  natural  attenuation  is 
reducing  BTEX  concentrations  to  below  regulatory  criteria  throughout  the  groundwater 
plume  and  to  verify  that  contamination  does  not  reach  the  sentry  wells.  The  capital 
expense  and  annual  costs  for  LTM  and  institutional  controls  are  assumed  to  be  the  same 
as  for  Alternative  1. 
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TABLE  6.4 

ALTERNATIVE  2  -  COST  ESTIMATE 
SITE  ST-24  RNA  TS 
COLUMBUS  AFB.  MISSISSIPPI 


Capital  Costs 

Design/Construct  8  LTM/Sentry  Wells 

Design/Construct  5-Well  Biosparging  System  and  7-Well  SVE 
System 

Operation,  Maintenance,  and  Monitoring  Costs 

Operate  and  Maintain  Biosparging/SVE  System  with  Off-gas 

Treatment 

(5  years) 

Annual  Report  (5  years) 

Conduct  Groundwater  Sampling  at  10  wells 
(annually  for  5  years,  every  other  year  for  5  years) 

Maintain  Institutional  Controls/Public  Education  (10  years) 

Project  Management  and  Reporting  (10  years) 


Present  Worth  of  Alternative  2 


a / 


Cost 

$20,761 

$169,443 

Cost  per  annum  or  event 
$54,440 

$5,676 

$11,410 

$5,000 

_ $4,747 

$552,802 


Based  on  an  annual  adjustment  factor  of  7  percent  (USEPA,  1993). 


6.4.3  Alternative  3  -  Groundwater  Extraction,  RNA,  and  Institutional  Controls 
with  Long-Term  Groundwater  Water  Monitoring 

6.4.3. 1  Effectiveness 

Groundwater  extraction  is  an  established  technology  for  controlling  plume 
migration.  The  extraction  of  contaminated  groundwater  will  prevent  plume  migration 
beneath  Base  housing  located  to  the  west  of  Site  ST-24,  thereby  preventing  any 
completion  of  potential  exposure  pathways.  Simulation  of  the  effect  of  groundwater 
extraction  was  not  performed;  however,  because  source  reduction  is  not  occurring, 
remediation  time  is  the  same  as  predicted  for  Model-NA. 


6-28 


I:\PROJECTSY72969 1  \COLUMB\24RNATS\24.DOC 


DRAFT 


Alternative  3  should  provide  reliable,  continuous  protection  for  downgradient 
receptors.  This  alternative,  however,  does  not  comply  well  with  all  of  the  AFCEE 
program  goals  because  of  the  generation  of  soil  and  water  waste  requiring  treatment 
and  disposal.  In  addition,  contaminants  are  not  destroyed,  rather  transferred  to  another 
phase  still  requiring  more  treatment.  As  with  Alternatives  1  and  2,  this  alternative 
would  require  RNA  with  LTM  and  institutional  controls  to  remediate  the  contaminated 
groundwater. 

6.4.3 .2  Implementability 

Groundwater  extraction  would  be  labor  intensive  and  expensive  to  implement.  The 
option  would  require  additional  site  investigation,  design  and  engineering,  installation, 
and  a  weekly  commitment  to  operate  and  maintain  the  extraction  and  air  stripper 
systems.  Treated  groundwater  may  be  disposed  of  in  the  sanitary  sewer  at  minimal 
cost,  however,  if  treated  groundwater  does  not  meet  the  requirements  for  disposal  in 
the  sewer  more  expensive  methods  of  disposal  may  have  to  be  considered.  In  addition, 
an  air  emissions  permit  may  need  to  be  obtained  for  the  air  stripper  prior  to  system 
start-up.  The  technical  and  administrative  implementability  concerns  associated  with 
the  RNA,  LTM,  and  institutional  controls  of  this  remedial  alternative  are  similar  to 
those  discussed  for  Alternatives  1  and  2. 

6.4.3.3  Cost 

The  estimated  capital  and  operating  costs  of  Alternative  3  are  shown  in  Table  6.5. 
The  total  present-worth  cost  of  Alternative  3  is  $844,162.  The  cost  of  Alternative  3  is 
more  than  the  costs  of  Alternative  2  because  it  is  assumed  that  groundwater  extraction 
be  performed  for  15  years  (half  the  assumed  RNA  time)  and  will  not  lessen  remediation 
time  or  long-term  monitoring  requirements.  However,  the  cost  could  be  significantly 
higher  if  off-gas  treatment  for  the  air  stripper  is  required.  The  present- worth  cost  for 
LTM  and  institutional  controls  is  the  same  as  Alternative  1  because  it  is  assumed  that 
the  groundwater  extraction  systems  contains  the  contaminant  plume  without  treating  the 
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source.  The  annual  costs  for  LTM  and  institutional  controls  are  assumed  to  be  the 
same  as  for  Alternatives  1  and/or  2. 

6.5  RECOMMENDED  REMEDIAL  APPROACH 

Three  remedial  alternatives  have  been  evaluated  for  remediation  of  the  shallow 
groundwater  at  the  study  area.  Components  of  the  alternatives  evaluated  include 
biosparging/S  VE,  groundwater  extraction,  RNA  with  LTM  of  groundwater,  and 
institutional  controls.  Table  6.6  summarizes  the  results  of  the  evaluation  based  upon 
effectiveness,  implementability,  and  cost  criteria.  Despite  the  increase  in  estimated 
remediation  time  from  Alternative  2,  the  Air  Force  recommends  Alternative  1  as  the 
most  cost-effective  option  for  risk  reduction  at  the  study  area. 

TABLE  6.5 

ALTERNATIVE  3  -  COST  ESTIMATE 
SITE  ST-24  RNA  TS 

_ COLUMBUS  AFB.  MISSISSIPPI _ 


Capital  Costs 

Design/Construct  8  LTM/Sentry  Wells 

Cost 

$20,761 

Design/ Construct/Install  Groundwater  Extraction  and 

Treatment  System 

$165,008 

Operation,  Maintenance,  and  Monitorine  Costs 

Cost  per  annum  or  event 

Conduct  Groundwater  Sampling  at  10  wells 
(annually  for  5  years  and  every  other  year  for  25  years)) 

$11,410 

Maintain  Groundwater  Extraction  System  (15  years) 

$44,120 

Maintain  Institutional  Controls/Public  Education  (30  years) 

$5,000 

Project  Management  and  Reporting  (30  years) 

$4,747 

Present  Worth  of  Alternative  3  ** 

$884,162 

31  Based  on  an  annual  adjustment  factor  of  7  percent  (USEPA,  1993). 
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SUMMARY  OF  REMEDIAL  ALTERNATIVES  EVALUATION 
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All  three  alternatives  make  use  of  natural  attenuation  mechanisms  to  reduce 
dissolved  BTEX  mass,  migration,  and  toxicity.  In  addition,  Alternative  2  would  use 
active  in  situ  techniques  to  reduce  the  magnitude  of  continuing  sources  and  prevent 
migration  of  contaminated  groundwater  from  migrating  beneath  Base  housing. 
Implementation  of  Alternative  2  would  substantially  decrease  the  time  frame  for  BTEX 
remediation,  but  would  require  greater  capital  expenditures.  Alternative  3  would  not 
decrease  remediation  time  for  dissolved  BTEX  compounds  because  it  interrupts  a 
potential  exposure  pathway  without  eliminating  the  source.  Alternative  3  also  would 
require  greater  capital  expenditures  than  RNA  with  or  without  a  biosparging/SVE 
system.  Alternative  3  is  considered  the  least  favorable  of  the  three  evaluated 
alternatives  because  groundwater  extraction  simply  transfers  contaminants  to  another 
phase,  which  then  requires  further  treatment  and  disposal.  Furthermore,  Alternative  3 
is  no  more  effective  at  reducing  the  remediation  time  frame  or  eliminating  contaminant 
mass  than  Alternative  1. 

All  three  remedial  alternatives  are  implementable  and  effectively  reduce  potential 
hydrocarbon  migration  and  toxicity  in  the  groundwater.  All  three  alternatives  should 
be  acceptable  to  the  public  and  regulatory  agencies  because  they  are  protective  of 
human  health  and  the  environment  and  reduce  groundwater  contamination. 
Implementation  of  any  of  the  three  alternatives  will  require  land  use  and  groundwater 
use  controls  to  be  enforced.  Groundwater  monitoring  would  be  required  for  the 
respective  projected  cleanup  periods.  Because  of  conservative  modeling  assumptions, 
overly  conservative  remediation  time  model  estimates,  and  the  lack  of  mobile  LNAPL 
and  residual  LNAPL  above  the  water  table,  the  assumed  30-year  remediation  time  for 
Alternative  1  is  considered  to  be  conservative.  Because  the  30-year  estimate  is  believed 
to  be  conservative,  the  proposed  LTM  period  is  consistent  with  federal 
recommendations  that  proposed  or  implemented  remedial  activities  at  a  site  should  not 
exceed  30  years  in  duration  (USEPA,  1988). 
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The  final  evaluation  criterion  used  to  compare  each  of  the  remedial  alternatives  was 
cost.  It  is  the  opinion  of  the  Air  Force  that  the  additional  cost  of  Alternative  2  does  not 
justify  the  reduced  risk  resulting  from  the  decrease  in  the  time  required  to  remediate  the 
dissolved  BTEX  plume  and  the  residual  soil  contamination  below  the  water  table.  In 
addition,  the  costs  of  Alternative  3  are  not  considered  justifiable  because  future 
exposure  to  potential  receptors  at  the  site  will  be  stemming  from  of  the  lack  of  plume 
migration.  Alternative  1  will  cost  effectively  reduce  the  level  of  contamination  and 
maintain  the  necessary  degree  of  protection  to  potential  receptors  at  the  site,  and  is  the 
recommended  remedial  alternative  for  Site  ST-24.  If  risk  assessment  demonstrates  an 
unacceptable  risk  as  a  result  of  contaminant  migration  toward  the  Base  residential 
housing,  the  Air  Force  would  recommend  Alternative  2  over  Alternative  3  because  of 
the  source  reduction  provided  by  the  biosparging/S VE  system.  A  LTM  plan  for 
groundwater,  including  a  generic  sampling  and  analysis  plan,  is  provided  in  Section  7. 
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SECTION  7 

LONG-TERM  MONITORING  PLAN 


7.1  OVERVIEW 

In  keeping  with  the  requirements  of  the  selected  remedial  alternative  for  Site  ST-24 
at  Columbus  AFB  (RNA  with  institutional  controls  and  LTM),  a  long-term 
groundwater  monitoring  plan  has  been  developed.  The  purpose  of  this  component  of 
the  suggested  remedial  alternative  for  the  site  is  to  assess  site  conditions  over  time, 
confirm  the  effectiveness  of  natural  processes  at  reducing  contaminant  mass  and 
minimizing  contaminant  migration,  assess  compliance  with  regulatory  cleanup  goals, 
and  evaluate  the  need  for  additional  remediation. 

The  LTM  plan  consists  of  identifying  the  location  of  two  separate  groundwater 
monitoring  networks  and  developing  a  groundwater  sampling  and  analysis  strategy  to 
demonstrate  attainment  of  site-specific  remediation  goals  and  to  verify  the  predictions 
of  the  model  developed  for  ST-24.  The  strategy  described  in  this  section  is  designed  to 
monitor  plume  migration  over  time  and  to  verify  that  RNA  is  occurring  at  rates 
sufficient  to  protect  potential  receptors.  In  the  event  that  data  collected  under  this  LTM 
program  indicate  that  natural  processes  are  insufficient  to  protect  human  health  and  the 
environment,  contingency  controls  to  augment  the  beneficial  effects  of  RNA  would  be 
necessary. 
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7.2  MONITORING  NETWORKS 

Two  separate  sets  of  wells  will  be  utilized  at  the  site  as  part  of  the  LTM  component 
of  the  remedial  alternative.  The  first  set  will  consist  of  seven  LTM  wells  located  in, 
upgradient  from,  and  downgradient  from  the  observed  contaminant  plume  to  verify  that 
natural  attenuation  is  occurring  at  rates  sufficient  to  minimize  plume  expansion  and 
reduce  BTEX  concentrations.  This  network  of  wells  will  consist  of  five  monitoring 
wells  screened  across  the  water  table  (shallow  wells)  to  provide  short-term  confirmation 
of  the  effectiveness  of  natural  attenuation.  The  remaining  two  wells  will  be  screened  in 
deeper  saturated  intervals  of  the  surficial  aquifer.  These  deeper  wells  will  be  screened 
immediately  above  the  silty  clay  layer  at  approximately  30  feet  bgs.  The  second  set  of 
wells  will  consist  of  three  sentry  wells  at  locations  along  a  line  perpendicular  to  the 
general  direction  of  groundwater  flow,  approximately  150  feet  southwest  of  monitoring 
point  MPL.  The  purpose  of  the  sentry  wells  is  to  verify  that  no  BTEX  concentrations 
exceeding  state  criteria  migrate  beyond  the  area  under  institutional  control. 
Conservative  model  results  suggest  that  the  BTEX  plume  front  should  not  reach  the 
sentry  wells.  The  proposed  LTM  and  sentry  well  locations  are  presented  on  Figure  7. 1 

7.2.1  Long-Term  Monitoring  Wells 

At  five  locations,  groundwater  wells  within,  upgradient  from,  and  downgradient 
from  the  current  BTEX  plume  will  be  used  to  monitor  the  effectiveness  of  RNA  in 
reducing  total  contaminant  mass  and  minimizing  contaminant  migration  at  Site  ST-24. 
Of  the  seven  wells  proposed  for  the  LTM  network,  two  (W69  and  W71)  have  been 
installed  during  previous  investigations.  The  remaining  five  wells  would  be  installed 
upon  implementation  of  this  plan.  Figure  7.1  identifies  the  proposed  locations  for 
wells  to  be  used  for  LTM.  This  well  network  will  supplement  the  three  proposed 
sentry  wells  (see  Section  7.2.2)  to  provide  evidence  of  continuing  RNA  and  to  allow 
additional  response  time  if  site  conditions  change. 
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Existing  well  W69  is  proposed  for  monitoring  the  background  groundwater  quality 
in  the  shallow  portion  of  the  surficial  aquifer.  A  nested  pair  of  wells  is  proposed  to 
replace  the  MPC/MPM  monitoring  point  nest  to  monitor  the  shallow  and  deep 
groundwater  at  the  location  of  the  highest  dissolved  BTEX  concentration  observed  in 
November  1996.  A  new  well  is  proposed  for  installation  in  the  shallow  saturated 
interval  between  Building  8695,  Building  8696,  and  Independence  Avenue,  to  monitor 
plume  migration  in  the  direction  of  these  residences.  Typically,  downgradient  wells 
are  installed  within  the  anaerobic  and  aerobic  treatment  zones;  however,  because  the 
aerobic  treatment  zone  appears  to  be  minimal  at  this  site,  monitoring  will  occur  at  the 
downgradient  plume  extent.  Existing  monitoring  well  W71  is  proposed  to  monitor  the 
contaminant  plume’s  anaerobic  core,  while  a  cluster  nested  pair  of  wells  is  proposed  for 
approximately  50  feet  south-southeast  of  MPL  to  monitor  dissolved  contaminant 
concentrations  near  the  plumes  leading  edge.  The  remaining  existing  wells  (W68, 
W70,  W72,  W73,  W74,  and  W77)  would  not  be  used  for  LTM  because  they  are  either 
upgradient  of  the  source  area  or  they  are  not  in  the  direct  flow  path  downgradient  from 
the  source  area. 

The  five  new  LTM  monitoring  wells  will  have  10-foot  screened  intervals.  Shallow 
wells  will  be  screened  across  the  water  table  with  approximately  8  feet  of  the  10-foot 
screen  positioned  below  the  water  table.  Deeper  wells  will  be  screened  in  the  sandy  to 
silty  gravel  overlying  the  silty  clay  at  a  depth  of  approximately  30  feet.  At  least  1  foot 
of  screen  will  be  installed  in  the  clay  unit  to  ensure  that  the  deepest  portion  of  the 
surficial  aquifer  is  within  the  screened  interval.  However,  to  verify  the  continuity  of 
the  clay  unit  beneath  Site  ST-24,  it  is  suggested  that  the  clay  unit  is  tagged  during 
installation  of  all  new  LTM  and  sentry  wells.  Sampling  frequency  and  analytical 
parameters  to  be  monitored  are  discussed  in  Section  7.3. 
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TABLE  7.1 

LONG-TERM  MONITORING  ANALYTICAL  PROTOCOL 

SITE  ST-24  RNA  TS 
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a /  Analytical  methods  from  the  Air  Force  protocol  document  and  the  AFCEE  Handbook  are  presented  by  Wiedemeier  e/  al.  (1995). 
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7.2.2  Sentry  Wells 

Three  sentry  monitoring  wells  are  proposed  for  installation  at  the  site  (Figure  7.1). 
These  locations,  however,  should  be  considered  tentative  because  of  numerous 
aboveground  housing  units  and  underground  utility  corridors.  It  is  recommended  that 
the  sentry  well  locations  be  finalized  upon  implementation  of  this  plan.  The  locations 
presented  on  Figure  7.1  are  approximately  150  (see  Section  7.2)  feet  downgradient 
from  the  current  leading  edge  of  the  BTEX  plume.  The  sentry  wells  are  more  than 
1,000  feet  from  the  southwestern  Base  boundary. 

The  purpose  of  sentry  wells  is  to  verify  that  no  contaminated  groundwater  exceeding 
state  criteria  migrates  beyond  the  area  under  institutional  control.  Although  model 
results  strongly  suggest  that  the  contaminant  plume  will  not  migrate  beyond  this  area  at 
concentrations  exceeding  chemical-specific  state  MCLs  (Table  6.1),  these  sentry  wells 
are  the  technical  mechanisms  used  to  demonstrate  protection  of  human  health  and  the 
environment  and  compliance  with  site-specific  numerical  RAOs.  These  wells  will  be 
installed  and  monitored  to  assure  that  the  selected  remedy  is  providing  the  anticipated 
level  of  risk  reduction  and  remediation  at  the  site.  Sampling  frequency  and  analytical 
parameters  to  be  monitored  are  discussed  in  Section  7.3. 

As  with  the  LTM  wells,  the  sentry  wells  will  be  screened  in  the  same  hydrogeologic 
units  as  the  contaminant  plume.  Data  presented  in  this  report  concerning  the  nature  and 
extent  of  contamination  at  the  site  suggest  that  a  10-foot  screen  with  approximately  8 
feet  of  screen  below  the  groundwater  surface  will  be  sufficient  to  intercept  the 
dissolved  BTEX  plume  in  the  shallow  groundwater  at  this  site. 

7.3  GROUNDWATER  SAMPLING 

To  ensure  that  sufficient  contaminant  removal  is  occurring  at  Site  ST-24  to  meet  site 
RAOs,  the  long-term  groundwater  monitoring  plan  includes  a  comprehensive  sampling 
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and  analysis  plan  (SAP).  Groundwater  samples  will  be  collected  and  analyzed  from 
LTM  and  sentry  wells  to  verify  that  natural  processes  are  effectively  reducing 
contaminant  mass  and  mobility.  Reductions  in  toxicity  will  be  implied  by  mass 
reduction.  The  SAP  also  is  aimed  at  assuring  RNA  can  achieve  regulatory  action  levels 
for  dissolved  BTEX  compounds. 

7.3.1  Analytical  Protocol 

All  LTM  and  sentry  wells  in  the  LTM  program  will  be  sampled  and  analyzed  to 
determine  compliance  with  chemical-specific  remediation  goals  and  to  verify  the 
effectiveness  of  RNA  at  the  site.  Water  level  measurements  will  be  made  during  each 
sampling  event.  Groundwater  samples  from  the  LTM  and  sentry  wells  will  be  analyzed 
for  the  parameters  listed  in  Tables  7.1  and  7.2,  respectively.  A  site-specific 
groundwater  SAP  should  be  prepared  prior  to  initiating  the  LTM  program. 

7.3.2  Sampling  Frequency 

Each  of  the  10  LTM  and  sentry  wells  will  be  sampled  annually  for  the  first  5  years 
of  LTM.  Thereafter,  review  meetings  could  be  scheduled  to  determine  future  LTM 
frequency.  For  example,  if  LTM  demonstrates  the  effectiveness  of  the  proposed 
remedial  alternative  at  this  site,  the  sampling  frequency  could  be  reduced  to  once  every 
two  years  or  sampling  could  be  eliminated.  For  the  purpose  of  projecting  costs  in 
Section  6,  it  was  assumed  that  LTM  would  proceed  at  a  frequency  of  every  other  year 
for  years  6  through  30  (calendar  years  2003  through  2027).  Conversely,  if  the  data 
collected  at  any  time  during  the  monitoring  period  indicate  the  need  for  additional 
remedial  activities  at  the  site  as  a  result  of  significant  plume  expansion  or  eminent 
pathway  completion,  the  sampling  frequency  should  be  adjusted  accordingly. 
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SECTION  8 

CONCLUSIONS  AND  RECOMMENDATIONS 

This  report  presents  the  results  of  a  TS  conducted  to  evaluate  RNA  of  fuel- 
hydrocarbon-contaminated  groundwater  at  Site  ST-24,  Columbus  AFB,  Mississippi. 
Specifically,  analytical  models  were  used  in  conjunction  with  site-specific  geologic, 
hydrologic,  and  laboratory  analytical  data  to  evaluate  the  migration  and  biodegradation 
of  BTEX  compounds  dissolved  in  groundwater. 

A  geochemical  line  of  evidence  was  used  to  document  RNA  at  ST-24.  Comparison 
of  BTEX,  electron  acceptor,  and  biodegradation  byproduct  isopleth  maps  for 
groundwater  at  Site  ST-24  provides  strong  geochemical  evidence  of  BTEX 
biodegradation.  Geochemical  data  strongly  suggest  that  biodegradation  of  fuel 
hydrocarbons  is  occurring  at  the  site  via  aerobic  respiration  and  the  anaerobic  processes 
of  denitrification,  iron  reduction,  sulfate  reduction,  nitrogen  fixation,  and 
methanogenesis.  Rates  of  biodegradation  were  estimated  from  observed  contaminant 
concentrations  and  the  method  of  Buscheck  and  Alcantar  (1995). 

To  obtain  the  data  necessary  for  the  RNA  demonstration,  Parsons  ES  collected  and 
analyzed  soil  and  groundwater  samples  from  the  site.  Site-specific  geologic, 
hydrologic,  and  chemical  data  were  then  used  in  the  analytical  groundwater  model  to 
simulate  the  effects  of  advection,  dispersion,  sorption,  and  biodegradation  on  the  fate 
and  transport  of  the  dissolved  BTEX  plume.  Extensive  site-specific  data  were  used  for 
model  implementation.  Model  parameters  that  could  not  be  obtained  from  existing  site 
data  were  estimated  using  widely  accepted  literature  values  for  aquifer  materials  similar 
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to  those  found  at  the  site.  Conservative  aquifer  parameters  were  used  to  construct  the 
flow  model  for  this  site.  Therefore,  the  model  results  presented  herein  represent 
conservative  predictions  of  groundwater  BTEX  plume  fate  and  transport. 

For  one  model  simulation  (Model-NA),  it  was  assumed  that  conditions  that  produced 
the  calibrated  model  would  persist  for  the  duration  of  the  simulation.  Model-NA 
included  a  solute  decay  rate  (i.e. ,  biodegradation  rate)  of  8  percent  per  day,  and  a 
source  decay  rate  of  8  percent  per  year.  This  scenario  suggests  that  the  plume  is 
stable/shrinking  and  therefore  will  not  migrate  beyond  the  November  1996  extent.  The 
model  predicts  85  percent  of  the  dissolved  contaminant  mass  will  be  lost  in  30  years  via 
natural  attenuation  processes.  Model-BB  assumed  a  contaminant  source  reduction 
through  use  of  a  biosparging/S VE  system,  using  a  geometric  source  decay  rate  of  50 
percent  per  year  for  5  years.  Results  for  this  model  suggest  that  the  contaminant  plume 
will  rapidly  recede  after  the  start  of  biosparging  activities  and  source  area  dissolved 
BTEX  concentrations  will  be  below  the  5-pg/L  state  MCL  for  benzene  10  years  after 
the  implementation  of  the  biosparging/S  VE  remedial  alternative.  A  third  remedial 
alternative,  groundwater  extraction,  was  evaluated  but  not  modeled  because  it  would  be 
a  plume  containment  technology  not  a  source  reduction  technology;  therefore,  the 
groundwater  extraction  alternative  assumed  a  cleanup  time  identical  to  that  predicted 
with  Model-NA. 

The  results  of  this  study  suggest  that  RNA  of  dissolved  BTEX  compounds  is 
occurring  at  Site  ST-24.  Given  that  the  models  predict  no  impact  to  known  receptors  at 
the  modeled  rates  of  BTEX  plume  migration,  the  Air  Force  is  recommending  RNA, 
institutional  controls,  and  LTM  to  remediate  site  groundwater  impacted  by  BTEX. 
Because  the  site  is  located  on  an  active,  secured  installation,  all  future  site  activities 
will  occur  under  the  direct  supervision  of  the  Air  Force.  The  estimated  rates  of 
biodegradation,  when  coupled  with  sorption,  dispersion,  and  dilution,  should  be  more 
than  sufficient  to  reduce  and  maintain  dissolved  BTEX  concentrations  to  levels  below 
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current  regulatory  standards  long  before  potential  downgradient  receptors  could  be 
adversely  affected.  Construction  activities  in  the  plume  area,  and  groundwater  use  in 
and  downgradient  from  the  plume  area,  should  be  restricted  until  groundwater 
contaminant  concentrations  decrease  below  state  MCLs  for  BTEX.  Currently,  the 
toluene  concentrations  in  all  Site  ST-24  groundwater  samples  are  below  the  state  MCL 
for  toluene.  Ethylbenzene  and  total  xylenes  exceeded  their  respective  state  MCLs  in  a 
groundwater  sample  from  one  sampling  location  within  the  source  area.  In  all 
remaining  groundwater  samples,  ethylbenzene  and  xylene  were  below  the  MCLs. 
Benzene  was  detected  above  the  state  MCL  in  several  groundwater  samples. 
Therefore,  benzene  will  likely  be  the  only  BTEX  compound  of  concern  with  respect  to 
any  closure  activities. 

To  verify  the  results  of  the  modeling  effort,  and  to  ensure  that  RNA  is  occurring  at 
rates  sufficient  to  protect  potential  downgradient  receptors,  groundwater  from  seven 
LTM  wells  should  be  sampled  and  analyzed  for  the  parameters  listed  in  Table  7.1.  In 
addition,  three  sentry  wells  should  be  installed  downgradient  from  the  BTEX  plume 
and  sampled  for  the  parameters  listed  in  Table  7.2.  Figure  7.1  shows  suggested 
locations  for  the  LTM  and  sentry  wells.  Each  of  the  10  LTM  and  sentry  wells  will  be 
sampled  annually  for  the  first  5  years  of  LTM.  After  five  years,  the  results  from  LTM 
should  be  evaluated  to  determine  whether  sampling  will  cease,  will  decrease  in 
frequency,  or  will  continue  at  the  rate  of  every  year.  If  dissolved  BTEX  concentrations 
in  groundwater  collected  from  the  sentry  wells  exceed  regulatory  criteria,  additional 
evaluation  or  corrective  action  may  be  necessary  at  this  site. 
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Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ —  .  - _ _ 

pH _ ^2.  •  S  Temperature(°C) _ 

Specific  Conductance(pS/cm) _ ~J_  O _ _ 

Disolved  Oxygen  (mg/LJ  C)V,X  C" _ 


Interim  Water  Characteristics 


Gallons  Removed  ( 

0  3 

Ob 

|  oA  ] 

l.x 

PH  _ 

f  JD 

$■  OB 

Temperature  (0O 

*0*1 

AI-3 

Jj-b 

7 

Specific  Conductance(pS/cm) 

bT> 

to 

bv 

bo 

Disolved  Oxygen  (mg/L) _ 

s'fsl 

5. 3/ 

1 

Post-Development  Information 


Time  (Finish):. 


OlSr;T 


Water  Level: _ 

Approximate  Volume  Removed: 


_  Total  Depth  of  Well:. 

LX _ 


Water  Characteristics 

Color  1  >  *-  J  i j[  .>  /5ieaD  Cloudy 

Odor:  (ftoijje ’  Weak  _  Moderate  Strong 

Any  Films  or  Immiscible  Material  "  _ 

pH _ 5.-^3  _ Temperature(°Q  ^  "7 

Specific  Conductance(pS/cm)_^J2 _ __ _ 

Disolved  Oxygen  (mg/L) _ $  _ 

Comments: 


I  :\forms\dcvdop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  729691.32020 
Location  Columbus  AFB.  ST24 
Well  Number  /iPy 


Job  Name:  AFCEE-RNA  , .  , 

by  RN/JH/CS/BI.  Date:  /(//#' 

^Measurement  Datum _ 


jm. 


Pre-Development  Information 
Water  Level: _ 


Time  (Start) :_ 


om 


Total  Depth  of  Well:. 


Water  Characteristics 

Color _ 6>rp 


Odor:  ~  Weak 

Any  Films  or  Immiscible  Material 
pH _ l\$ _ Temperature(°C). 


_ .Clear  Cl^ujiy 

Moderate  Strong 

Ajc 

Tfry .  . 


Specific  Conductancef pS/cnri _ I 

Disolved  Oxygen  (mg/L) _ u^ZSL 


Interim  Water  Characteristics 


Gallons  Removed  /  ^ 


pH_ 


Temperature  (°C)_ 


Specific  ConductanceffiS/cm)  ^  C? 
Disolved  Oxygen  (mg/L).  2JlSZ 

fLczJZo(< 

Post-Development  Information 
Water  Level: 


(>0 


Time  (Finish):. 


Approximate  Volume  Removed: 
Water  Characteristics 

Color _ 


LSI 


3 


Total  Depth  of  Well:. 


Odor:  C^Noney  Weak 

Any  Films  or  Immiscible  Material 

pH - S’.  - - 

Specific  ConductancefpS/cnfl  S  vp 


J2 lear/  Cloudy 
locferate  Strong 


Temperature(°Q  ^ 


Comments: 


Disolved  Oxygen  (mg/L)_3=^jJLL 

f  io 


l:\forms\devclop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  729691.32020 
Location  Columbus  AFB.  ST24 
Well  Number  Ls 

Pre-Development  Information 

Water  Level:  +  _ 

Water  Characteristics 


Color  bniU.'X _ Clear  £loud 

Odor:  (^NoneJ  Weak  .  Moderate 

Any  Films  or  Immiscible  Material  No  _ 

pH _ *>  *  ^ _ Temperature(°C)  [  ?  >  3 

Specific  Conductancef  pS/cmJ  (nO _ _ _ 

Disolved  Oxygen  (mg/L) _ _ 


Job  Nam^AFCf&rRNA  1 

by  RN@CSiBL/  Date:  Wt 
.Measurement  Datum _ _ 

Time  (Starts  H43 1 _ 

_  Total  Depth  of  Well: 


Strong 


Interim  Water  Characteristics 


Gallons  Removed 

O* 

•0.  3 

C-6. 

pH 

S-  -2-1 

Temperature  (00 

\V5 

iM.S 

\C\A 

Specific  Conductancef  uS/cmJ  MO 

1  H° 

Mo 

4 

Disolved  Oxvgen  (mg/L^ 

t-'iO 

I  W.3I 

1 

| 

Post-Development  Information  . 

Water  Level:  _ 

Approximate  Volume  Removed: 
Water  Characteristics 


Time  (Finishk  \  _ 

Total  Depth  of  Well:  \c\  ~Zl ' 


Color  \'4^V  SCl\As  Clear  Cloudy 

Odor:  Qjonjp  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 

pH _ _ Jemperature(°C)_i3Ld _ 

Specific  ConductancefuS/cnri  U  Q  _ 

Disolved  Oxygen  (mg/L^l  _ 


Comments: 


I  Aforms\dcvelop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  729691.32020  Job  Name:  AFCEE-RNA 

Location  Columbus  AFB  ST24  by  RN/JH/C.S/rfP  Date:  11/ II  1QQ6 

Well  Number  (_T~L3-  (XM  sT  _ Measurement  Datum _  _ 

Pre-Development  Information  Time  ('Start!:  LTL  7  /  _ 

Water  Level: _  Total  Depth  of  Well:  fl 


Water  Characteristics 


I >^^c|e,r  Q"2 


Color  ^ 

Odor:  (ftpne  Weak 

Any  Films  or  Immiscible  Material 

pH  b  i  O  Sf _ Temperature(°C). 

Specific  Conductance(|iS/cm)_ 

Disolved  Oxygen  (mg/L) _ 


_  Moderate 

/^oAe 

nn* 


Strong 


Tt 


TEL EL 


Interim  Water  Characteristics 

Gallons  Removed 

io.  a. 

\o^ 

los 

krl 

pH 

4.» 

W3 
_ 1 

kn 

Temperature  (°C) 

\%.o 

/ITl 

Ins 

Specific  Conductance(pS/cm)_ 

o  1^1 

Disolved  Oxvgen  (mg/L'i 

7  U  5 

P7  | 

v£J 

Post-Development  Information 
Water  Level: _ 


Time  (Finish):^ 


0  7  HO 


Total  Depth  of  Well:_ 


ru 


M 


Approximate  Volume  Removed: 
Water  Characteristics 

CUA*- 


Comments: 


Color _ 

Odor:  ^N£i?e  Weak 

Any  Films  or  Immiscible  Material 

pH  jA  Vj_ _ 

Specific  Conductance(pS/cm) _ 

Disolved  Oxygen  fmg/D  «  l  0 


Cloudy 

Tbderate  Strong 


Temperature(°Q  1  ^  H 


I  :\forms\dcvclop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  729691.32020  __  Job  Name:  AFCEE-RNA 

Location  Columbus  AFB.fcFS-  £  '  ^7  by  RN/JH/CS/BL _ Date:  11  // £  .  1996 

Well  Number  AA  P  L  _ Measurement  Datum _ 


Pre-Development  Information 


Time  (Start):_  0<ins 


Water  Level: _ _  Total  Depth  of  Well:. 

Water  Characteristics 

Color _ _ Oraf  Cloudy 

Odor:  None  We aj/  Moderate  Strong 

Any  films  or  Immiscible  Material  _ A  i _ 

pH _ _ T emperature^Q  I 

Specific  Conductance(pS/cnri  J  _ 

Disolved  Oxygen  (mg/L) _ 0*  "S  % _ 


Interim  Water  Characteristics 

Gallons  Removed _ 

PH _ 


Temperature  (°C)_ 


0.0, i 


Specific  Conductance(pS/cm)_ 
Disolved  Oxygen  (mg/L) _ 


i0£ 


0,3-0. 


Post-Development  Information 
Water  Level: _ 


Approximate  Volume  Removed: 
Water  Characteristics 


Time  (Finish): _ 

Total  Depth  of  Well:_ 

4.o  gjilljLAi 


Qifttr  0**0 


(XS  ^ 
000 


Comments: 


I  :\form  s\dc  vcl  op  .doc 


Color _ 

Odor:  None  Weak 

Any  Films  or  Immiscible  Material 


leaji  Cloudy 
aerate  Strong 


£J>3 


pH — 

Specific  Conductance(pS/cm)_ 
Disolved  Oxygen  (mg/L) _ 


TemperaturefQQ  7ZQ  «  $ 


lempi 


MX 


^  q) 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  729691.32020 
Location  Columbus  AFB/S.T2f 
Well  Number 


Job  Name:  AFC 
by  RN/JH/CS 


RNA 


_Measurement  Datum, 


,Date:JJ _//#  .1996 


Pre-Development  Information 
Water  Level: _ 


Time  (Start): _ Qhh  & 


Water  Characteristics 

Color_  O  ^ A  t±  fcl 


Total  Depth  of  Well:. 


Odor:  None  Weak 

Any  Films  or  Immiscible  Material  '  _ 

pH  _ 3  «■  ( 0 _ TemperaturePCI  AO-  M* 


Strong 


Specific  Conductance(pS/cm) _ 

Disolved  Oxygen  (mg/D  9  ^cP 


±I£L 


Interim  Water  Characteristics 

Gallons  Removed _ 

pH _ 


£3- 


Temperature  (°C)_ 


3.0. 6 


153. 


Specific  Conductance(pS/cm)_ 

Disolved  Oxygen  (mg/Li  ^  & 


Post-Development  Information 


Time  (Finish): 


0  7/  c£> 


Water  Level: _ 

Approximate  Volume  Removed: 


Total  Depth  of  Well:. 


Water  Characteristics 

Color  ^  ^  _ (Cle^p)  Cloudy _ 

Odor:  None  Weak  Moderate  CTstronE^ 

Any  Films  or  Immiscible  Material  ^1[T _ _ 

pH _ S ,  %  ^ _  Temperaturef°C!  ^ 

Specific  Conductance(pS/cm) _ l  G  O  _ 

Disolved  Oxygen  (mg/L) _ O  _ 

Comments: 


l:\fonns\dcvcIop.doc 


APPENDIX  A-3 


GROUNDWATER  SAMPLING  FORMS 


L:\SH\24APPNDX.DOC 


GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST74 
Sampling  Dates  1 1/04/96-1 1/24/96 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  W  £>§_  (  £TZ.m\ 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING  \\J_jj  1 996  0^2^.  a.mip.m. 

SAMPLE  COLLECTED^  Y:  JHmu/CS/RN  of  Parsons  ES 

WEATHER :  $<2!  _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe!:  TP  Q _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  jXf  UNLOCKED 

WELL  NUMBER  (IS  -  TO  APPARENT- 

STEEL  CASING  CONDITION  IS: _ QOU _ 

INNER  PVC  CASING  CONDITION  IS:  G t  O  D  O 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe!-  A/il  <_^  [ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH  _ _ FT.  BELOW  DATUM 

Measured  with: _ _ 

WATER  DEPTH  _  _ FT.  BELOW  DATUM 

Measured  with: _ _ _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor: _ _ _ 

Other  Comments: _ 

4  [  ]  WELL  EVACUATION: 

Method: _ _ 

Volume  Removed:  3  ^  M 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ 


L:\fonns\gwsamplc.doc 


Page  I  of 2 


Groundwater  Sampling  Record 

Monitoring  Well  No.  \aS  "b_  (Cont'd) 

5  [  ]  SAMPLE  EXTRACTION  METHOD:  ( 

[  ]  Bailer  made  of: _ 

[  ]  Pump,  type:_ 

[  ]  Other,  describe: _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS: 


MrJgm 

6  7^1 

' 

Meausred  with 

Temp  (°C) 

xo.g 

xo-y 

pH 

asm 

i aim 

u.(,o 

Cond  | 

(pS/cm) 

5T* O 

90 

sro 

DO  (mg/L) 

wen 

BBsm 

Redox  (mV) 

E5J3 K3 

EBS9 

HUS 

Salinity 

Nitrate- 

[EHU 

HSIH 

HSU 

Sulfate 

^7 

Ferrous  Iron 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size): _ /  Q  l/O/ls  _ 

_  (XTc*/TI/V4  -G\'  aa 

.  i  1 XS  1  -At- ^  S 

_ / _ Aj M  w’r’r  fa  ts,  -p* ,|rl  - _ - 

/<U( 

8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

^  Containers: 

9  (  ]  CONTAINER  HANDLING: 

[/v]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 

Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ 


L;\fonns\i;wsainplc.doc 


Page  2  of 2 


GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFR  -  ST24 
Sampling  Dates  1 1/04/96-1 1/24/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  [X]  Regular  Sampling; 
DATE  AND  TIME  OF  SAMPLING:  U/luKib 
SAMPLE  COLLECTED  BY^JH/BUCS/RN  of  Parsons  ES 

WEATHER:  3Z*F  pr.r-Hf  CUyu, _ 

DATUM  FOR  WATER  DEPTH  MEASUREM 


[  ]  Special  Samplin 
1996  YLO  (Z 


(number) 


'/p.m. 


ENT  (Describe):. 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  _ . 

WELL  NUMBER  (IS  -(IS  NOT))APPARENT 
STEEL  CASING  CONDITION  IS:  cl 


UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:  Oh.. 


WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  <|S  NOT^APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COEEfCTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR IdescribeV  nr,  it  a 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH _ _ _ FT.  BELOW  DATUM 

Measured  with: _ 1 _ _ _ 

WATER  DEPTH  1^03  1 _ ; _ FT.  BELOW  DATUM 

Measured  with:  futcx\  cVrdh  _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ _ _ 

Odor: _ 1 _ p _ 

Other  Comments: _ 


4  [  ]  WELL  EVACUATION: 

Method: _ 

Volume  Removed:^ _ 

Observations:  Water  (sligntly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ 


Page  1  of 2 
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5[  ] 


6[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  w  i cfj _ (Cont'd) 

SAMPLE  EXTRACTION  METHOD:  (  ST  i*) 

[  ]  Bailer  made  of:  _ __ 

Pump, 

[  ]  Other,  describe: _ _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 


7[  ] 


Time 

iC  1 

-ft} 

Meausred  with 

Temp  (°C) 

1 CU3 

IS-L 

It*  ^ 

PH 

4,2.5 

<-{iUe 

Cond 

(pS/cm) 

-qo 

10 

10 

-W 

DO  (mg/L) 

M-Cll 

4-HS 

Redox  (mV) 

2.43 

5-e 

35rhl 

3SK IT 

Salinity 

Nitrate 

Sulfate 

l&iTOUsstron- 

0*> 

J*  ^ 

2. 

£.6 

SAMPLE  CONTAINERS  (material,  number,  sizet:  icvaU  mrflrjtti  VtXi,, 

- - -  /  /2S*/  pfci3h£  £  _ 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


9[  ] 


10  (  ] 


[  ]  Filtration:  Method _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 

[  ]  Preservatives  added: 

Method 

Method _ 

Method _ 

Method _ 

CONTAINER  HANDLING: 

Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


Containers:  £ 

Containers: _ 

Containers: _ 

Containers : _ 


L:\forms\irwsamplc.doc 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFR  -  ST74 
Sampling  Dates  1 1/04/96-11/24/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  Wjfo  (V>  2m\ 


REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 
DATE  AND  TIME  OF  SAMPUNQ:  It/ 1996  a.m./p.m. 

SAMPLE  COLLECTED  BY:UH/Bj>CS/RN  of  Parsons  F.S 

WEATHER:  5&T  _ _ _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ _ 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  UNLOCKED 

WELL  NUMBER  (IS  -  KNOT/  APPARENT 

STEEL  CASING  CONDITION  IS:  otc  _ _ 

INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  fe  NOT))  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COttECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):  1  ■  A  arr.rSoA 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH - - - ; _ FT.  BELOW  DATUM 


Measured  with: 

WATER  DEPTH  >H-4S 

FT.  BELOW  DATUM 

Measured  with:  IP*  1 

3  [  ] 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Aopearance: 

Odor: 

Other  Comments: 

4[  ] 

WELL  EVACUATION: 

Method: 

Volume  Removed: 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  s-Acrf 

Other  comments: _ 


L:\forrns\gwsamplc.doc 


Page  1  of 2 


5[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  W^HO _ (Cont'd) 

SAMPLE  EXTRACTION  METHOD:  (vT2-'<\ 

[  ]  Bailer  made  of: _ 

Pump,  type: o$Vui  o 

[  ]  Other,  describe: _ _ _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 


6  [  ]  ON-SITE  MEASUREMENTS: 


n  ] 


Time 

I3il 

Meausred  with 

Temp  (°C) 

2.1.0 

20.^ 

H  .1 

pH 

e.'gz 

Cond 

(pS/cm) 

i  lo 

jfjsa 

j  30 

\<SD 

DO  (mg/L) 

WS&M 

0-2A 

b;vS 

0-X3 

Redox  (mV) 

0 

-  13H-* 

BESS! 

Salinity 

Nitrate 

i 

Sulfate 

FpnTHis rrnn- 

i  - 

US 

X 

2..S 

SAMPLE  CONTAINERS  (material,  number,  sizeT  It  V0A>  VOG-s.WWiil.  &T£y/7V*-C- 

1  i  2Snl  ru*\i  oi^ 

"PophoaXL  W  -TS  VPfrS  VCX^.  6Tctt/TVrt~6-  Gvfcfe*/-S) 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


[  ] 

[  1 


Filtration:  Method _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 

Preservatives  added: 


Method  H  C\ 

Method _ 

Method _ 

Method _ 


Containers:  VDflS 

Containers: _ 

Containers: _ 

Containers:_ _ 


9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

1 0  [  ]  OTHER  COMMENTS: _ 


Page  2  of 2 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  A FR  -  ST74 
Sampling  Dates  1 1/04/96-1 1/94/Q6 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  (  STT^hX 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPjJNG:  Jt /jcfiio  ,  1996  O  35'^  a  m  /„  m 

SAMPLE  COLLECTED  BYiJwBL/CS/RN  of  Parsons  F.S 

WEATHER:  HlfF  S/OAtf _ _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  tDescribel: 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  - -  [Xf  UNLOCKED 

WELL  NUMBER  (IS  <jS  NOJ/ APPARENT 

STEEL  CASING  CONDITION  IS:  ft'tC. _ 

INNER  PVC  CASING  CONDITION  IS:  _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -ds  Not)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  ('describe'): 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ . 


2[  ] 

PRODUCT  DEPTH 

FT.  BF.I.OW  DATUM 

Measured  with: 

WATER  DEPTH. - _ FT.  BELOW  DATUM 

Measured  with:  rom(  riefa  ~  \ch 5* _ 


3  [  ] 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: 

Odor: 

Other  Comments: 

4[  ] 

WELL  EVACUATION: 

Method: 

Volume  Removed:  2  c/k\ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -<no  change  .  . 

Water  odors:  A  ^£*3%  rkp^  ^  J\a  r 

Other  comments: _ 


L:\fonns\gwsampIc.doc 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  _ (Cont’d) 

5  [  ]  SAMPLE  EXTRACTION  METHOD:  (  ^ 

[  ]  Bailer  made  of: _ _ _ 

[)Q  Pump,  typ f.jpcsdbW't1  c 
[  ]  Other,  describe: _ _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 


6  [  ]  ON-SITE  MEASUREMENTS: 


Time 

w ) 

<?3C\ 

Meausred  with 

Temp  (°C)  jq. 

1  ifl.  <=) 

1C.  0 

Zo.O 

pH 

L.co 

(nC”2"* 

L.Oi 

Cond 

((iS/cm) 

KtC 

ft  o 

i<lo 

ft  o' 

DO  (mg/L) 

C  *  :3tv 

0 .  3S 

Redox  (mV) 

-3  M 

-31.0. 

Salinity 

Nitrate 

Sulfate 

-Ferrous  -Iron 

O-G 

\.o 

K  5 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


H  1 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 


Filtration:  Method _ 

_  Containers: 

Method _ 

Containers: 

Method _ 

_  Containers: 

Preservatives  added: 

Method _ 

ud 

_  Containers:  VGAs 

Method _ 

_  Containers: 

Method _ 

_  Containers: 

Method _ 

_ _ Containers: 

CONTAINER  HANDLING: 

[JO  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST24 
Sampling  Dates  1 1/04/96-1 1/24/96 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  _ LK I  - 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  U/  8/%  1996  0950  a.m./p.m. 

SAMPLE  COLLECTED  BYUh)bL/CS/RN  of  Parsons  ES 

WF.ATHF.R:  ^0°  f  Clo^ _ _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): - 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ^ - ^ 

WELL  NUMBER  (IS  -NSNOJ)  APPARENT 
STEEL  CASING  CONDITION  IS:  poor 


[A.  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:  OV~ 


WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  KNOT?  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

pt]  MONITORING  WELL  REQUIRED  REPAIR (describeV.  No  ltd _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH _ 1 _ _ _ FT.  BELOW  DATUM 

Measured  with: _ _ _ 1 _ 

WATER  DEPTH  13^0* _ To-fod  FT.  BELOW  DATUM 

Measured  with:  _ _ _ _ — 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  . . - - - - - - 

Odor: _ _ _ _ _ 

Other  Comments: _ * _ 

4  [  ]  WELL  EVACUATION: 

Method: .  .  . . . 

Volume  Removed:  _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  bdns  _ 

Other  comments:  _ 


L:\forms\gwsainplc.doc 
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5[  ] 


6[  ] 


PnrT\cooV  Pur^e^ 

n  ] 


n  ] 


9[  ] 


10  [  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  Vs/  (Cont'd) 

SAMPLE  EXTRACTION  METHOD:  C  2-S^ 


[  ]  Bailer  made  of:. 
[  ]  Pump,  type:_ 

[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

HoMO 

Meausred  with 

Temp  (°C) 

\^i3 

M.O 

n-.<* 

pH 

S.M- 

5.  SO 

S,*3 

Cond 

OiS/cm) 

i  vo 

ao 

DO  (mg/L  )* 

5.12- 

Redox  (mV)£ 

in,* 

rTti.o 

Salinity 

Nitrate 

Sulfate 

Eeffousiron 

0  - 

SAMPLE  CONTAINERS  (material,  number,  size-):  IP  MOAs  Ux<; ;  Brex/rVlf'tr- 

- - - 1  ^1  IS  ml  plo. sfi  c.  Aw  &n  c _ 


ON-SITE  SAMPLE  TREATMENT: 


t  ]  Filtration:  Method _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 


[  ]  Preservatives  added: 


Method  HCl 

Method _ 

Method _ 

Method _ 

CONTAINER  HANDLING: 


Containers:  \JDfK 

Containers : _ 

Containers: _ 

Containers: _ 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENT^grtate^  xofr  -ft,  tOCt(  (Verri  HlAV  (Vfflo  h  nt  huidlp  < 
li\^  S4iV^l£  '  '  * 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST24 
Sampling  Dates  1 1/04/96-1 1/24/96 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  3.  ^  L  s~  _ 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  (  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  vyS/lfa  1996  [ 111-  (ampP.m. 

SAMPL  E  COLLECTED  BYUU/BL/CS/RN  of  Parsons  ES 

WEATHER:  5c»Fr  Gor>r>^ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe!:  TOC _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  _  [><$  UNLOCKED 

WELL  NUMBER  (IS  <ISNOT?  APPARENT 

STEEL  CASING  CONDITION  IS:  poor _ 

INNER  PVC  CASING  CONDITION  IS:  c*~ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1[]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


3[  ] 


4[  ] 


PRODUCT  DEPTH  iH-OO  1 _ To-tg.O1  FT.  BELOW  DATUM 

Measured  with: _ 

WATER  DEPTH  _ ; _ FT.  BELOW  DATUM 

Measured  with: _ 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  \oroiuP _ 

Odor: _ 

Other  Comments: _ 

WELL  EVACUATION: 

Method: _ 

Volume  Removed: _ _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ 


Page  1  of 2 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  W  ^3 _ (Cont'd) 

5  [  ]  SAMPLE  EXTRACTION  METHOD:  C 

[  ]  Bailer  made  of: _  _ 

[$  Pump,  typ c 

[  ]  Other,  describe: _ 

Sample  obtained  is  [X]  GRAB:  [  ]  COMPOSITE  SAMPLE 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST24 
Sampling  Dates  1 1/04/96-1 1/24/96 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  I  ^JL  _ 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  U /ft  fob  1996  a.m./p.m. 

SAMPLE  COLLECTED  P,y:(JH/BL)CS/RN  of  Parsons  ES 

WEATHER:  _ _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):  _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  _ ,  [4  UNLOCKED 

WELL  NUMBER  (IS  -(fSNOj)  APPARENT 

STEEL  CASING  CONDITION  IS:  ol(" _ 

INNER  PVC  CASING  CONDITION  IS:  - 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -(S  NOTpAPPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[*]  MONITORING  WELL  REQUIRED  REPAIR  (describe):  cove,*- 


Check-off 

\  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


PRODUCT  DEPTH 

FT.  BELOW  DATUM 

Measured  with:  _ 

WATER  DEPTH  *3 . 

-T'afeATW*'1  12  ,=10 

FT.  BELOW  DATUM 

■ - -  * 

Measured  with: 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor: _ 

Other  Comments: _ 

4  [  ]  WELL  EVACUATION: 

Method: _ _ _ 

Volume  Removed:  _ 

Observations:  Water  {slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  Ao  odor _ 

Other  comments: _ 
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5[  ] 


6[  ] 


Groundwater  Sampling  Record 
Monitoring  Well  No.  W  jfrH _ (Cont'd) 

SAMPLE  EXTRACTION  METHOD:  (  VT 


[  ]  Bailer  made  of: _ 

[*)  Pump,  type:_£o^ 

[  ]  Other,  describe: _ 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

1434 

t^HT 

T^T 

Meausred  with 

Temp  (°C) 

7-M 

ill 

xt.i 

Xt .  o 

pH 

4.3H 

H  .m3 

4. M3 

M-fl 

Cond 

(pS/cm) 

3o 

3c 

30 

3  O 

DO  (mg/L) 

q.TM 

4. 43 

Redox  (mV) 

Llo.H 

'I'HJ.M 

Salinity 

Nitrate 

Sulfate 

^Ferrous  Iron 

A°ek _ 

2.  a 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):  3-vcC  ,  3-  4- BT^X/ruH-Cr  VOA  s 

njq(\  (e-VtC  1  _ 


ON-SITE  SAMPLE  TREATMENT: 

f  1  Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method  lACt 
Method  H^SPc^ 

Method _ 

Method _ 

9  [  ]  CONTAINER  HANDLING: 

[X]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
f<]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS:  tWl^VP  4r  V/CG  5 


Containers:  Ug  VOCs.Mg^out,  r^f-j 

Containers:  \  Too _ 

Containers: _ 

Containers: _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST?4 
Sampling  Dates  1 1  /04/96- 1 1 Z24/96 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  W  T?  (  S~ zA _ 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  \\ll*W  1996  /o3q  a.m./p.m. 

SAMPLE  COLLECTED  BY(jj#BL/CS/frN  of  Parsons  ES 

WEATHER: _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  W.  UNLOCKED 

WELL  NUMBER  (IS  -<SNOTT  APPARENT 

STEEL  CASING  CONDITION  IS:  0  ><- _ 

INNER  PVC  CASING  CONDITION  IS:  fllO  _ _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  ikNOJ^APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ _ 

WATER  DEPTH  1^52* _ FT.  BELOW  DATUM 

Measured  with:  ~  1*1 ‘"L _ _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _  ' _ 

Odor: _ 

Other  Comments:.. _ 

4  [  ]  WELL  EVACUATION: 

Method:  _ _ 

Volume  Removed: _ _ _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ 


L:\forms\gwsamplc.doc 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  _ (Cont'd) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

\/l  Pump,  type:_pfti  ‘ c 

[  ]  Other,  describe: _ ' 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
6  [  ]  ON-SITE  MEASUREMENTS: 


Time 

»ooS 

icon 

IOIM 

10  is 

Meausred  with 

Temp  (°C) 

2c.1 

7.0,^ 

2C.O 

Zi,  \ 

PH 

M.fet 

M.  w 

H.fco  i 

H.yz 

Cond 

(fiS/cm) 

°\0 

*f0 

DO  (mg/L) 

1.  so 

I  -  IV? 

1 .04 

0 

O.ZL 

Redox  (mV) 

Ibl,  6 

iVl.T 

tfl.O 

Salinity 

Nitrate 

Sulfate 

-  ferrous  Iren 

O.b 

>  • 

i‘S 

*2- 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  sizeV  /O  v/flAs  BrCT/j  i  Prf  -fry  \lQC^> 

-  IjlTL&tnX  gv^roi\s 


*[  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method _ 

Method _ 

Method _ 

[  ]  Preservatives  added: 

Method  H  C  \ 

Method _ 

Method _ 

Method _ 


Containers:. 

Containers:. 

Containers: 


Containers:  VOcC? 

Containers: _ 

Containers: _ 

Containers: _ 


9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST24 
Sampling  Dates  1 1/04/96-1 1/24/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL . 


REASON  FOR  SAMPLING:  [X]  Regula] 
DATE  AND  TIME  OF  SAMPLINQ 
SAMPLE  COLLECTED  BY: 

WEATHER: _ 


laj^nyling;  [  ]  Specif Sajjjpl 
Y:  of  Parsons^ES^.^ 


mg; 

a.m./p.m. 


(number) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 


MONITORING  WELL  CONDITION: 

[  )  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ 

INNER  PVC  CASING  CONDITION  IS: _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
(  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ _ _ _ 

WATER  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:_ _ 

Odor:_ _ 

Other  Comments: _ _ 

41]  WELL  EVACUATION:  V  *.  i  |  4k 

Method*  r/r-vtKl  nc _ 

Volume  Removed:_ _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ _ 


L:\forms\gwsample.doc 
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6[  ] 


Groundwater  Sampling  Record 
Monitoring  Well  No.  _  (Cont'd) 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:_ 
[  ]  Pump,  type:,. 


[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


I 


<3*1*1$ 

7[  ] 

8[  ] 


Time 

irCLlf  kUHl  i  LX  11  WlUk 

Meausred  with 

Temp  (°C) 

ML! 

ran 

pH 

Cond 

(pS/cm) 

ISO 

rca 

eesi 

IfrO 

DO  (mg/L) 

w&n 

k;&: 

33C 

Redox  (mV) 

E.T15J 

Salinity 

Nitrate 

Sulfate 

1 

BpMHI 

mjj 

K'MM 

imH 

1— 

SAMPLE  CONTAINERS  (material,  number,  size£ 


ON-SITE  SAMPLE  TREATMENT: 
[  ]  Filtration: 


Method, 

Method, 

Method, 


Containers:. 

Containers:. 

Containers: 


9[  ] 


10  [  ] 


[  ]  Preservatives  added: 

Containers:. 
Containers:. 
Containers:. 
Containers:. 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 


Method. 

Method. 

Method. 

Method. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST7.4 
Sampling  Dates  1 1/04/96-1 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  M  ?A 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  O/ll  1996  [  3  3jO  a.m./p.m. 

SAMPLE  COLLECTED  BY:  JH/BL/CS/RN  of  Parsons  F.S 

WEATHER: _ b  Q°r  _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ — _ 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ _ 

INNER  PVC  CASING  CONDITION  IS:_ _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1[]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  l  ]  PRODUCT  DEPTH _ ; _ FT.  BELOW  DATUM 

Measured  with: _ _ 

WATER  DEPTH - - FT.  BELOW  DATUM 

Measured  with: _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ _ _ __ _ 

Odor: _ 

Other  Comments: _ 


4  [  ]  WELL  EVACUATION:  , 

*  Method: _ r  0^1  jQ _ 

Volume  Removed: _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:_ _ 

Other  comments: _ 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  £  $  fij  (Cont'd) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _ 

[  ]  Pump,  type:_ 

[  ]  Other,  describe: _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 


6  [  ]  ON-SITE  MEASUREMENTS: 


[  ] 


Filtration: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ]  Preservatives  added: 


Method. 

Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS: _ 
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5[  ] 


6[  ] 


7[  ] 

8[] 


Groundwater  Sampling  Record 

Monitoring  Well  No.^]T\\  l4  /H  P/^H^ont'd) 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:_ 
[  ]  Pump,  type:_ 

[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

/570 

TTJ1T 

rs-?s 

Meausred  with 

Temp  (°C) 

'll.# 

A 

pH 

L 

Cond 

(pS/cm) 

3^0 

DO  (mg/L) 

o.xr 

O  3 

Redox  (mV) 

~\X*£S 

Salinity 

Nitrate 

Sulfate 

. 

FeiiUUS'tTOn 

0- 

O  :±L- 

0  -  G 

SAMPLE  CONTAINERS  (material,  number,  size):. 


ON-SITE  SAMPLE  TREATMENT: 


[  1 


[  ] 


Filtration: 


Methods 

Method. 

Method. 


Preservatives  added: 


Method. 

Method. 

Method. 

Method. 


T 


He)  Wv  tf 


I 

HO  >vi 


rUsS  /t^crTW/l^tr 


UL>~  ySI 


-jlciSS.. 


r 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


9[  ] 


10[  ] 


CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST24 
Sampling  Dates  1 1/04/96-1 1/24/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 
DATE  AND  TIME  OF  SAMPLING:  II IJZ  1996  07HJ2  a.m./p.m. 

SAMPLE  COLLECTED  BY:  JH/BL/CS<@Pof  ParsonsES 

WEATHER:  JVM'V  (±^B  - 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 


(number) 


tOcrrg  2  c*ci 

_ V  va 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED  oA  u\i<Mc<V' 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:_ _ _ 

INNER  PVC  CASING  CONDITION  IS:  _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2[  ] 


3  [  ] 


4[  ] 


PRODUCT  DEPTH 

_ FT.  BELOW  DATUM 

Measured  with: 

WATER  DEPTH 

FT.  BELOW  DATUM 

Measured  with: 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Annearance: 

Odor: 

Other  Comments: 

WELL  EVACUATION: 

Method: 

P  (fn  v^Tv^Tl  c 

Volume  Removed:  _ 

Observations: 

Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change). 

Water  odors:  /  ^ °0 

Other  comments: 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  S'  Tj\  4  At-A^^(Cont'd) 

ITION  METHOD:  /'a  ?  Ci  (i\> 


SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _ 

[  ]  Pump,  type:_ 

[  ]  Other,  describe: _ 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time  |G7^|Q7Xq07^  QjJo 

Temp  (°C)  Xo.f  ToTP 

pH _ T To^~  /£.o<n  Aoa 

SScm)  M  IS*  /*4 

DO  (mg/L)  CLJl51  (L2k  fLIl  1Z31 

Redox  (mV)  "AO-  H 

Salinity 

Nitrate _ 

Sulfate _ 

Peiiuoriron  Q  .  |  £7.3  "ft  ,  s~ 

SAMPLE  CONTAINERS  (material,  number,  size): _ 


ON-SITE  SAMPLE  TREATMENT: 


Filtration: 


Method. 

Method. 

Method 


Preservatives  added: 


Method. 

Method. 

Method. 

Method 


CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


Meausred  with 


H  t-ta  J  7<rf-k7 

^  do  canI _ v/ocs 

_i _ Aa/U) 


Containers:. 

Containers:. 

Containers: 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


OTHER  COMMENTS:. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFR  -  ST74 
Sampling  Dates  1 1/04/96-1 1/24/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  3  T  ^-4  ~  ^  PTb  (  N 


REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  II  (yj  T  1996 _ a.m./p.m. 

SAMPLE  COLLECTED  BY:  JH^TCS/gN^o£Ea^ons  F.S 

WEATHER:  ^ST*  Q_U£JCS£^L _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  ('Describe'):  — _ 


(number) 

(^n 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [Vf  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  OtOOiL _ 

INNER  PVC  CASING  CONDITIONS:  NVft  _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  CLNOT)* APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off  c\  0 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH  <  vM)<aS)  00^4  r 

Items  Cleaned  f  Lisfl:  0  ro  _  ,  _ 


2  [  ]  PRODUCT  DEPTH  _  FT.  BELOW  DATUM 

Measured  with:  — _ 

WATER  DEPTH  _H _ 62  ^  ^5 _ FT.  BELOW  DATUM 

Measured  with: — _ _ _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor: _ ___ _ _ _ 

Other  Comments: _ __ _ 

4  [  ]  WELL  EVACUATION:  . 

Method:  “P-g.  v-  i  %  V  <  <_  <p  _ _ 

Volume  Removed: _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ ____ _ 

Other  comments: _ ____ _ 


L:\forms\gwsampIe.doc 
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5[  ] 


6[  ] 


n } 


Groundwater  Sampling  Record 

Monitoring  Well  No.  ST  M-P5(sj(Cont'd) 

SAMPLE  EXTRACTION  METHOD:  t^\  P  ^ 

[  ]  Bailer  made  of: _ .  _ _ 

P<]  Pump,  type:_T  r  i  s  W-V  V  \c^ 

[  ]  Other,  describe: _ _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 


Time 

Meausred  with 

Temp  (°C) 

pH 

Or!^  c 

Cond 

(nS/cm) 

DO  (mg/L) 

4  ST  5S 

Redox  (mV) 

Salinity 

Nitrate 

Sulfate 

Ferrous  Iron 

SAMPLE  CONTAINERS  (material,  number,  size): 

io  l to-ft.5  _ ; 

l  ?d> 


8  C  3 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method _ 

Method _ 

Method _ 

[  ]  Preservatives  added: 

Method  CT 

Method _ 

Method _ 

Method _ 


CONTAINER  HANDLING: 


v, 

a 


Container  Sides  Labeled 
Container  Lids  Taped 
Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:, 


Containers:. 

Containers:. 

Containers:. 


Containers:  Q  A 

Containers: _ 

Containers: _ 

Containers : _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  A  FB  -  ST?4 
Sampling  Dates  1 1/04/96-1 1/74/Q6 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  ^  M  Aa  t'T 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling" 

DATE  AND  TIME  OF  SAMPLING:  li/ll  ,  1996  /Cor.  (£Syp  m 

SAMPLE  COLLECTED  BY:  JH/BL/CS/RN  of  Parsons  F.S  ^ 

WEATHER:  VM TZ,v  _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe!:  a/V 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ _ 

INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (List):. _ 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH  _ _ 

Measured  with:. 


JT.  BELOW  DATUM 


WATER  DEPTH - - - - - FT.  BELOW  DATUM 

Measured  with: _ 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor: _ ; _ _ _ 

Other  Comments:  _ 


L:\forms\gwsamplc.doc 
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5[  ] 


6[  ] 


n  ] 


8  t  ] 


9[  ] 


10  [  ] 


SAMPLE  EXTRACTION  METHOD: 


Groundwater  Sampling  Record 

Monitoring  Well  No.  AAp  IS _ (Cont'd) 

(  *4 


[  ]  Bailer  made  of._ 
[  ]  Pump,  type:_ 

[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

0*1 5 A 

0*157 

Meausred  with 

Temp  (°C) 

Ao.  & 

TOT" 

PH 

h  -  £  6 

Cond 

(jiS/cm) 

11 0 

\*lO 

1  clO 

Mo 

DO  (mg/L) 

o^l> 

CL3S 

0^*4 

Redox  (mV) 

-  H  ?.  1 

-u  7. 4 

-m.s> 

-Mik 

Salinity 

Nitrate 

Sulfate 

Fescons  Ir-on 

o.\ 

LSI 

l 

SAMPLE  CONTAINERS  (material,  number,  size):. 


•  H  koj  bj&v  nn//-/ 
3  " 


=> _ ii _ _ _ i/po 

I  4*, 


ON-SITE  SAMPLE  TREATMENT: 
[  ]  Filtration: 


Methods 

Method. 

Method 


Containers:. 

Containers:. 

Containers: 


[  ] 


Preservatives  added: 


Method. 

Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS: 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFR  -  ST74 
Sampling  Dates  1 1/04/96-1 1/24/96 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  _ 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  1 1/ f  Js  1996  Q  KMc)  a.m7p.m. 

SAMPLE  COLLECTED  BY:  JHffiVCS/RN  of  Parsons  ES  __ 

WEATHER: _ P '^TR  ^  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):  - - 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  -  -  -  [  ]  UNLOCKED 

WELL  NUMBER^  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ 

INNER  PVC  CASING  CONDITION  IS: _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):__ _ 

•  ■*  • 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH _ _ _ JFT.  BELOW  DATUM 

Measured  with: _ * _ _ _ 

WATER  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor: _ 

Other  Comments: _ 

4  [  ]  .  WELL  EVACUATION:  Q  \\\ 

Method: _ V~K <s _ 

Volume  Removed: _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change). 

Water  odors: _ \  A/f^/V^C _ 

Other  comments: _ 
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5[  ] 


6[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  P  T"  (Cont'd) 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:_ 
[  ]  Pump,  type:_ 

[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


He  A  ^ 

7[  ] 


Time  ^  \ 

D%X1 

O'*  3  ( 

Meausred  with 

Temp  (°C) 'o; 

XT  -0 

PH 

Cond 

(pS/cm) 

\  QO 

Mo 

iqo 

t  H  0 

DO  (mg/L) 

0^3 

0  to 

0 .?? 

or>n 

Redox  (mV) 

-\k.~7 

vl 

-u  .3. 

Salinity 

Nitrate 

Sulfate 

Jorrouriron 

0  -X 

aJ2 . : 

D-'t 

0-r 

SAMPLE  CONTAINERS  (material,  number,  size-):  H 

'B.fc-y/'M  - 

\\  . 

3 

V  > 

_ . \Jo<~ 

1 

I 

8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

1 1 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFR  -  ST3.4 
Sampling  Dates  1 1/04/96-1 1/7.4/Q6 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  ^  Co _ 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sarppling; 

DATE  AND  TIME  OF  SAMPLING:  (J//_L  1996  t  l>t  V  a.m./p.m. 

SAMPLE  COLLECTED  BY:  JH/BL/CS/RSi  of  Parsons  F.S 

WEATHER:  << _ _ _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ 

INNER  PVC  CASING  CONDITION  IS: _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH _  FT.  BELOW  DATUM 

Measured  with: _ _ _ 

WATER  DEPTH _ _ FT.  BELOW  DATUM 

Measured  with: _ _ _ _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _  ; _ 

Odor: _ _ _ _ 

Other  Comments: _ _ _ 

4  [  ]  WELL  EVACUATION:  -  .  _  _ 

Method: _ r  /  >V  1  l P  _ _ 

Volume  Removed: _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ _ _ 

Other  comments: _ 
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5[  1 


6[  ] 


no**} 

n  ] 


»t  ] 


9[  ] 


10  [  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  (Cont'd) 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:_ 
[  ]  Pump,  type:_ 

[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

'Sp  l 

TWf 

IS'/° 

Meausred  with 

Temp  (°C) 

pH 

* 

Cond 

(pS/cm) 

DO  (mg/L) 

U.!C 

Redox  (mV) 

l  M:>. 

ivl£. 

Salinity 

• 

Nitrate 

Sulfate 

Ferrourlron 

O  ’ 

os 

CL£ ! 

ON-SITE  SAMPLE  TREATMENT: 
[  ]  Filtration: 


Method. 

Method. 

Method 


Containers:. 

Containers:. 

Containers:. 


[  ] 


Preservatives  added: 


Method. 

Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 

Containers: 


CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 


SAMPLE  CONTAINERS  (material.  number.  sizeV  W 

Q  0  ^  1 

rfrrKjTUi  'i-i 

3 

MO  M 

/hrTW^c’ 

_ 3_ 

HTi  >' 

vou 

\ 

L&C  h 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFR  -  STM 
Sampling  Dates  1 1/04/96-1 1/7.4/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


SEt±±i£U  LlI 


REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 
DATE  AND  TIME  OF  SAMPLING:  It  (X5>  ,  1996  a.m7D.m. 

SAMPLE  COLLECTED  BY:  JHgjpESffiOf  Parsons  F.S 

WEATHER:  *Z<D0  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Described 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:_ _ _ 

INNER  PVC  CASING  CONDITION  IS: _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
(  ]  MONITORING  WELL  REQUIRED  REPAIR  ('describe'): 


Check-off 

i  [  ]  Equipment  cleaned  before  use  with. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH - - - 1 _ _ _ FT.  BELOW  DATUM 

Measured  with: _ -  -  _ •_ _ 

WATER  DEPTH -  FT.  BELOW  DATUM 

Measured  with: _ _ _ _ _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor: 

Other  Comments:  _ 

4  [  ]  WELL  EVACUATION: 

Method: _ _ _ _ _ _ _ 

Volume  Removed:  _ _ _  • _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ 


L:\forms\gwsamplc.doc 


Page  1  of  2 


5[  ] 


l  J 


7[  ] 


8[  ] 


9[  ] 


10[  ] 


Groundwater  Sampling  Record 

Monitoring  Weil  No.  MP  HVO-5 >j>3(Confd) 


SAMPLE  EXTRACTION  METHOD: 
[  ]  Bailer  made  of: 


oauer  maue  oi; _ <  «  - 

Pump,  type:_  < 


]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

1  nr 

°150 

WF 

Meausred  with 

Temp  (°C) 

90 

7o.B 

3/£? 

HST  <TS 

pH 

0  da 

(a. 

L.\0 

1  0 

O  Kt  f)  SO 

Cond 

(pS/cm) 

3-3 8 

3?,7 

336 

?.?r 

L/Acrf  Mete. 

DO  (mg/L) 

O-'h* 

<5-9% 

o.d-s- 

O.X) 

Redox  (mV) 

nlL3_ 

'  35 'U 

"3 

-33.1 

-3<M 

/  o^v  ^^4 

Salinity 

Nitrate 

Sulfate 

Ferrous  Iron 

SAMPLE  CONTAINERS (material,  number,  size):. 

¥'  feT ' 5 


3= 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 


V 


Filtration: 


Method. 

Method. 

Method 


Containers:. 

Containers:. 

Containers:. 


Preservatives  added: 

Method.  da 

Method _ 

Method _ 

Method _ 


Containers:. 

Containers:. 

Containers:. 

Containers: 


u°M 


CONTA 


INER  W 

\t 


HANDLING: 


Container  Sides  Labeled 
[V]  Container  Lids  Taped 
IpJ*  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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GROUNDWATER  SAMPLING  RECORD 


.  Sampling  Location  Columbus  AFB  -  ST74 

Sampling  Dates  1 1/04/96-1 1/7.4/96 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  _  SikMrtP  r. 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  \\ / I  X  1996  /plo  a.m./p.m. 

SAMPLE  COLLECTED  BY:  JH/ffi>CS/RN  of  Parsons  ES 

WEATHER: _ QUCA  <, /^t  U  _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ 

INNER  PVC  CASING  CONDITION  IS: _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH _ _ _  FT.  BELOW  DATUM 

Measured  with: _ _  _ _ _ _ _ _ 

WATER  DEPTH _  FT.  BELOW  DATUM 

Measured  with: _ 


3  [  ] 


4(  ] 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ ____ 

Odor: _ __ 

Other  Comments: _ 


WELL  EVACUATION: 

Method: 


V- 


Volume  Removed: _ 

Observations:  Water  (slightly  -  very)  cloudy 


Water  level  (rose  * 

Water  odors: _ 

Other  comments:. 


fell  -  no  change) 

A/ow 
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5  E  ] 


S[  ] 


8[  ] 


9[  ] 


10  [  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  /M  ?  Xl/Cont'd) 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:_ 
[  ]  Pump,  type:___ 

[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

0‘l5b 

oisrg 

fooo 

Meausred  with 

Temp  (°C) 

W.(o 

pH 

1J25 

$.o? 

£.o  \ 

Cond 

(pS/cm) 

k >o 

bo 

6o 

DO  (mg/L) 

‘yO'Z 

iT.V* 

Redox  (mV) 

Hto.-k 

Salinity 

Nitrate 

Sulfate 

Ferrous  Iron 

0.» s 

Dm 

0  -  fa 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  sizel  H 

5/Tr/fc/w  -6 

3- 

t’ 

J 

3 

v\ 

\ ' 

1/  06 

< 

/a  >'aaI 

— /  w. , 

4  4/7 

ON-SITE  SAMPLE  TREATMENT: 


[  ] 


[  ] 


Filtration: 


Method. 

Method. 

Method. 


__  Containers:. 
_  Containers:. 
_  Containers:. 


Preservatives  added: 


Method. 

Method. 

Method. 

Method 


__  Containers:. 
_  Containers:. 
_  Containers:. 
_  Containers: 


CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 


L:\forms\gv/sample.doc 


Page  2  of 2 


GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST?4 
Sampling  Dates  1 1/04/96-1 1/24/96 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  _ 

(number) 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampjiqg; 

DATE  AND  TIME  OF  SAMPLING:  QSS  faaA/p.m. 

SAMPLE  COLLECTED  BY:  JH/BLklS/ftN  o^Smons  FS 

WEATHER:  (oft*  t  _ _____ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  ('Describe'):  (x*  S)  lo — 


MONITOR  ING  WELL  CONDITION:  Xo  «j  /  e 

[  ]  LOCKED:  =rs  (  ^  [  ]  UNLOCKED 

WELL  NUMBER  (IS  ^S  NOT)  APPARENT ' 

STEEL  CASING  CONtJITIt5N  IS:  C&J&tt _ _ 

INNER  PVC  CASING  CONDITION  ra: — 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ] 


EQUIPMENT  CLEANED  BEFORE  Ul 
Items  Cleaned  (List):. 


n 


WITH _ 


2[  ] 


3  [  ] 


4[  ] 


PRODUCT  DEPTH _ _ 

Measured  with: — • _ _ 

WATER  DEPTH  — _ 

Measured  with:  — . _ _ 

WATER-CONDITION  BEFORE  WELLEVACUATION  (Describe): 
Appearance:  C.  LsS.  U=SL G  h.  I~0  U2 

Odor:  S~)  _  (J _ 

Other  Comments: _ 


WELL  EVACUATION: 

Method: 


f iriifuhtL 


Volume  Removed: _ 

Observations:  Watei 


shghtlV?  very)  cloudy 
Water  leveT{rose  -  fell  -  no  change) 

Water  odors:  A  o — _ 

Other  comments: _ 


FT.  BELOW  DATUM 


.FT.  BELOW  DATUM 
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5[  ] 


6[ 


n  i 


8[  ] 


9  [  ] 


10  [  ] 


SAMPLE  EXTRACTION  METHOD: 
[  ]  Bailer  made  of: 


Groundwater  Sampling  Record 

Monitoring  Well  No.  PIP  —,'T _ (Cont'd) 

6si>f 


[  J  bailer  maae  or:  *  \ 

M  Pump,  type:_  Vt  C. 

[  ]  Other,  describe: _ 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

6\QD 

w 

55... 

Meausred  with 

Temp  (°C) 

/p.l 

9oM 

TOM 

90. r 

W . 

PH 

5  .0$ 

5.*>$ 

<,T?0 

9^ 

Of  Hr*  tfS CA 

Cond 

(pS/cm) 

n  ( 

56 

St, 

DO  (mg/L) 

17 W 

2 -do 

9-.X 

5 

11TTZ 

Redox  (mV) 

1 

1 9-0 

Ido 

Salinity 

Nitrate 

Sulfate 

Ferrous  Iron 

Sample  contai 

la 


INI 


G.  1,0 


I  Vo 


RS  {material,  number,  size):_ 

5 _ 


M 


4 


ON-SITE  SAMPLE  TREATMENT: 


[  1 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Ha 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method. 

Containers: 

voAs 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location 
Sampling  Dates  1 


Columbus  AFB  -  ST24 
1/04/96-1 1/24/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  1 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  _jj/ 1  o  ,  1996  a.myD.m. 

SAMPLE  COLLECTED  BY:  JHAflll/C.S/RN  of  Parsons  F.S 

WEATHER: _  ^  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe!: 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ _ 

INNER  PVC  CASING  CONDITION  IS: _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ] 


PRODUCT  DEPTH . 


Measured  with: 


JFT.  BELOW  DATUM 


WATER  DEPTH  T  0  -  (<9-  X 1 

FT.  BELOW  DATUM 

Measured  with: 

3  [  ] 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance: 

Odor: 

Other  Comments: 

4[  ] 

WELL  EVACUATION:  0  \  \  t 

Method: 

Volume  Removed:  .  i  5^ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  cjjange) 
Water  odors: _ Af  OA/ 0 _ 


Other  comments: 
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5[  ] 


6[  ) 


Groundwater  Sampling  Record 

Monitoring  Well  No.JuA M P 1  (Cont'd) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:. 
[  ]  Pump,  type:_ 

[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


■KSBI 

wzm 

Meausred  with 

Temp  (°C) 

HEM 

pH 

b'.Ofc 

UKeEM 

5MI 

am 

Mo 

Lj  0 

DO  (mg/L) 

raw 

I2H9 

wmsm 

Redox  (mV) 

mourn 

10%.  i 

n*na 

Salinity 

Nitrate1 

■Mil 

■ESI 

lESd 

Sulfate 

0 

& 

Ferrous  Iron 

SAMPLE  CONTAINERS  (material,  number,  size): 


3 

1  AAC T7v(i*'Cr 

3 

Cto  ^ 

YU*-*  GOO 

_ / _ 

(X  1 

ON-SITE  SAMPLE  TREATMENT: 

i 

y~c>c- 

[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

(  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

1 0  [  ]  OTHER  COMMENTS: _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  A FB  -  ST74 
Sampling  Dates  1 1/04/96-  II Z24/96 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  ST  h  ^  i>K(iS\ _ 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling-  (number) 

DATE  AND  TIME  OF  SAMPLING:  /I  /  1 1  1996  0750  a  m’/p  m 

SAMPLE  COLLECTED  BY:  JH/BL/CS/RN  of  Parsons  F.S 

WEATHER:  fafl-U  n  l  OY  H  Dc  f- _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe!:  *~T  m  P/  o  MT  aj  j  7£ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:. _ _ 

INNER  PVC  CASING  CONDITION  IS: _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe!: 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH - - - - - FT  BELOW  DATUM 

Measured  with: _ _ _ _ 

WATER  DEPTH - - - - - - - FT.  BELOW  DATUM 

Measured  with: _ 

3  [  1  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe):  i 

Appearance: _ 1  LAj  S  o  ,  )  ,»,•>  CJ>  _ 

Odor: _  y  v  - 

Other  Comments: _ _ _ _ 

4  [  ]  WELL  EVACUATION:  .  i 

Method: _ j _ _ _ _ 

Volume  Removed: _ (9 . _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ _ _ 
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Page  1  of  2 


5[  ] 


6[  ] 


7[  ] 


8  [  1 


9  [  ] 


10  [  ] 


Groundwater  Sampling  Record 

Monitoring  Well  (Cont'd) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:_ 
[  ]  Pump,  type:_ 

[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

0  74  X 

oThT 

q-i*1 

Meausred  with 

Temp  (°C) 

0 

pH 

4.^ 

i\Af 

Cond 

(pS/cm) 

HO 

L\0 

HO 

DO  (mg/L) 

TTT 

Redox  (mV) 

ill- 1 

|4 1 .3 

m.fe 

Salinity 

Nitrate 

Sulfate 

Ferrous  tom 

0  .V 

0  .  X 

0-3 

SAMPLE  CONTAINERS  (material,  number,  size):_fj_^£ 


|A 


\T 


Mlxllld  ik} 


_ ^ 

3  a  CO 

Vo  c. 

- 1 _ LA _ ^  imA _ 

Ax^C 

ON-SITE  SAMPLE  TREATMENT: 


«  I  foc. 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST?4 
Sampling  Dates  1 1/04/96-1 1/7-4/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


A  CA  ( W) 


REASON  FOR  SAMPLING:  [X]  Regular  Sampling; 
DATE  AND  TIME  OF  SAMPLING 
SAMPLE  COLLECTED  BY:  JH/BL/CS/RN  of  Parson_s  F.S 
WEATHER: _ G 


vAt  : _ WZ. 


[  ]  Special  Sampling; 

1996  0  a.m7p.m. 


(number) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 


~X/V\ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ . 

INNER  PVC  CASING  CONDITION  IS: _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe’): 


Check-off 

1 E  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH. 
Items  Cleaned  ILisf): 


OrihiLJ- 


2  [  ]  PRODUCT  DEPTH _ „ _ FT.  BELOW  DATUM 

Measured  with: _ '  _ 

WATER  DEPTH _  FT.  BELOW  DATUM 

Measured  with: _ _ _ 

3  [  ]  WATER-CONDITION  BEFORE; WELL  EVACUATION  (Describe): 

Appearance:  h  /'C  A  _ _ _ _ 

Odor: _  \  l/<,  A  f 

Other  Comments: _ _ _ 

4  [  ]  WELL  EVACUATION:  (?  if. 

Method: _ "  iniNJlL  _ 

Volume  Removed: _ *1.0  4J!j±tu!l£  _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ /  fir* _ 


l,:\fonns\gwsample.doc 
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5[  ] 


6[  ] 


7  [  ] 


8  C  3 


9  [  3 


10  [  ] 


Sr  2/( 

Groundwater  S^fnpling  Record 

Monitoring  Well  No.  P  _ (Cont'd) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:_ 
[  ]  Pump,  type:_ 


[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 


Time 

\oiKA  °mi 

02^3 

_n?3-y 

Meausred  with 

Temp  (°C) 

SO.-? 

PH 

_.jKJi5L 

s.i,y 

s',  6s- 

Cond 

(pS/cm) 

HI 

II® 

(O'? 

DO  (mg/L) 

O.3.? 

,0.3-3- 

0.3J 

0.  K 

Redox  (mV) 

t 

Salinity 

u  t 

Nitrate 

Sulfate 

Ferrous  Iron 

Gttl|»/l$  0,G  |-0  /.f  *-0  3,  5 

SAMPLE  CONTAINERS  (material,  number,  size):. 


S\?L 


\)ny 

1  - 

— i - 

—  V  - -  ■  O1 - *7 — S 

-  \/0<7. 

- w. 

5 

—JLdlmi _ 

ON-SITE  SAMPLE  TREATMENT: 

t  ] 


[  ] 


Aa  ‘CAj 


Filtration:  Method 

_  Containers:. 

Method 

_  Containers:. 

Method 

_  Containers:. 

Preservatives  added: 

Method 

H  CL 

_  Containers:. 

Method 

_  Containers:. 

Method 

_  Containers:. 

Method 

_  Containers: 

VJL4x 


CONTAINER  HANDLING: 


3 


OTHER  COMMENTS: 


Container  Sides  Labeled 
Container  Lids  Taped 
Containers  Placed  in  Ice  Chest 


fii iphuk _ )±Ll _ cAjJ.  A  jAtL  td 


VOA  -4 


MIL 


xml  -  3  v&L  i 


apx. 

VQC< 


IxMLJz 


%  i  jnum  w*  unzn 


LA  v 


•  L  Ll  EL 


OlWs  M?L  fiTQ/  /ri/ff-  G  ftolili 


;/?  U 


EZ 


-  P 


ij  \jLi  ly  Jtj 


1$ 
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/ 


GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Columbus  AFB  -  ST7.4 
Sampling  Dates  1 1/04/96-1 1/24/96 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  A1  wVM 


REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  II  ( (£  199 6: 2  jJS.  a.m./p.m. 

SAMPLE  COLLECTED  BY:  JH/gU/CS/RN  of  Parsons  ES 

WEATHER:  Qt^zAA  AzST"  60 _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (•Describe'):  - — -  ^ 


(number) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ 

INNER  PVC  CASING  CONDITION  IS: _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
(  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH  _ _ FT.  BELOW  DATUM 

Measured  with: _ 

WATER  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ _ 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ _ _ 

Odor: _ _ _ 

Other  Comments: _ 

4  [  ]  WELL  EVACUATION:  Or  n  - 

Method: _  rJMA^U Tz-TTC  _ 

Volume  Removed:  1,(7 

Observations:  Water  (slightly -very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  £7 Tld/^Ox  _ 

Other  comments:  ^ 


L:\forrns\gwsample.doc 
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5[  ] 


6[  ] 


8[  ] 


9[  ] 


10  [  ] 


fray 

Groundwatei^8ampIing  Record 

Monitoring  Well  No.  Ml* Aj _ (Cont'd) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

j>4  Pump,  type:_P^7lc«^Vt2J^  (  r 

r  i  t _ j _ _  ^ 


[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

VlDc; 

070  7 

0  7/3 

7n»r 

0~7Xck 

Meausred  with 

Temp  (°C)3jC 

kO.°l 

^SD-% 

zCuo 

xsi  sr 

pH 

5,7o 

£,  *]  .... 

C-SO 

1C 

Cond 

(pS/cm) 

/5<£ 

1  bO 

(6o 

[6o 

tio 

K  Ac'4 

DO  (mg/L) 

'X-VP 

1-7  <4- 

0-71 

‘fc.t  rs~ 

Redox  (mV) 

-6 

~67.  1 

LK4 

[oaj  dS'n 

Salinity 

Nitrate  ‘ 

Sulfate 

Ferrous  Iron 

Q<  3  O.s  0-7  0-°t  0(0  . 

7  r  1  SAMPLE  CONTAINERS  (material,  number,  sizel:  1  O  M" 0.~v 

UJ 

La.? 

P»S 

_ _ _ . _ L _ r 

u  ~ 
- 

^ - 

ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added:  ( 

Method  ^ 

Method _ 

Method _ 

Method _ 


jJUi. 


Containers:. 

Containers:. 

Containers:. 

Containers: 


CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 


^  tfgJZX  Q hL  yJATtiX 
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/m'TS 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  vfy  7 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR  /ODOR: 


a&zss: 


l/K-T77f fl-P 
(9-^  05  w/VrsrA. 
YES  NO 


Direct  Meter  Measurements: 

Temp _ 

pH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


_ °C/°F  (circle) 

_SU 
_ pS/cm 

Z>g/L 

mV 


HACH  DR/700  Measurements: 


Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank*'" 

Ferrous 

50.01.1 

0  -5.10mg/L 

\ 

JLC* .« 1 

O.&Q  mg/L 

-sample 

mg/L 

*  sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

( 

JO '^5 

mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

tom 

r  9\  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

t 

l  DA  A 

/cf?^ 

mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

K 

Joy? 

lO<-4k 

O.X 7  mg/L 

3DIjkr50mg/L 

mg/L 

DI  or‘50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

c 

mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

( 

LQ3l 

/pH  / 

— O.T>  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

1 

(oxr 

lOkii 

OoO  mg/L 

DI 

mg/L 

DI 

HACH  Titrations: 

Alkalinity 

Sample  Size  = 

Digit  Multiplier  =  0%  1 

3  £  digits 

CHEMet  Color  Tests: 

Ammonia 

CO 2  (  Q  mL  A-1910  added  for  sulfide  interference) 


£2  PP»n 


<IO 


ppnv 


Technician: 


^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


»5 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  M*  tA*? 


7T  s  d  ZZ  Wr 


SAMPLE  DATE  |  /// 

SAMPLE  I.D.  IMS 

FILTERED  (circle)  Y 

COLOR /ODOR: 

HACH  DR/700  Measurements: 


Analyte  Program  Range 
Ferrous  50.01.1  0-5.10  mg/L 


Nitrite  50.08. 1  0  -  0.350  mg/L 

Nitrate  50.05.1  0-30.0  mg/L 

5"  L- 

Total  Iron  50.03.1  0-5.10  mg/L 


Sulfite 

(— 

Chloride 


45.000  0-100  mg/L 
45.02.1  0  -  20.0  mg/L 


Manganese  52.13.1  0-20.0  mg/L 

v*^/ 

Sulfide  61.12.1  0  -  0.600  mg/L 


HACH  Titrations: 
Alkalinity  Sample  Size  = 
Titrate  with 


Dilution 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


Time 

Reagent  Time 
Mixed  Measured  Readme 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


Blank*71’' 


mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

MW 

Ob^ 

<T-  mg/L 

sample 

mg/L 

sample 

. 

Ob’?* 

mg/L 

sample 

mg/L 

sample 

/wVa 

~MTT 

IH  mg/L 

DIo^5oJnf 

7LO O  mg/L 

?^>or50mj 

mg/L 

DI 

mg/L 

DI 

_ 

xokvr 

Q&L2 

/.  3  mg/L 

sample 

sample 

DI 

DI 


N  H2S04 


Digit  Multiplier  = 


CHEMet  Color  Tests: 

Ammonia 

C02  (  mLA-1910  added  for  sulfide  interference) 

Technician:  _ 

^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE, 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


t 


lAlStO  WD 


YES 


NO 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


eC/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 


Time 

Reagent  Time 


Analyte 

Program 

Range 

Ferrous 

50.01.1 

0-5.10  mg/L 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

v WlA  C 

Total  Ron 

50.03.1 

0-5.10  mg/L 

Sulfate  . 

45.000 

0-100  mg/L 

R£\/U-c,/  L' 

Chloride 

45.02.1 

0  -  20.0  mg/L 

Manganese  52. 13. 1  0  -  20.0  mg/L 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

HACH  Titrations: 

Alkalinity 

Sample  Size  = 

Dilution 


Blank*'-" 


mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Ol S3A 

S~~?~  mg/L 

mg/L 

3.  .4 

L  0  mg/L 

mg/L 

$5~~ mg/L 

26- 1  t  mg/L 

mg/L 

mg/L 

o%<-ty 

1 . 3  mg/L 

mg/L 

mg/L 

_ 

mg/L 

sample 
sample 
sample 
sample 
sample 
sample 
sample 
sample 
sample 
DI  ordOmg/L 
[l5I)or  50mg/L 
DI 
DI 

sample 
sample 
DI 
DI 


Titrate  with 


Digit  Multiplier  = 


N  H2S04 


digits 


CHEMet  Color  Tests: 

Ammonia 

C02  (  mL  A-19 10  added  for  sulfide  interference) 


Technician: 


-EEGl 


PPm 


"  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents: 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


/ 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  /\j\ 


SAMPLE  DATE 
SAMPLE  I.D. 


I  l TffiEZ. 

1  U/6# 


FILTERED  (circle)  YES 

COLOR  /ODOR:  CA^&Xs-SL  /  /L /Q  ooo1^ 


Direct  Meter  Measurements: 


Temp 

pH 

Conductivity 
Dissolved  Oxygen 
Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 

Time 

Reagent  Time 


Analyte  Program  Range  Dilution  Mixed  Measured  Reading  Blank‘d 


Ferrous 

50.01.1 

0-5.10  mg/L 

( 

OO  o\ 

UO\  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

1  . . 

a°itc ? 

O.OqK  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

1 

0°ul 

QmS  A3 

2  .  S'  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0  -5.10  mg/L 

1 

o*iit 

QAXV 

_0_:Qh  mg/L 

sample 

Sulfate 

45.000 

0-  100  mg/L 

— 

ft  fir )  / — 

-G&V.ij . 

mg/L 

sample 

DI  or  50mg/L 
DI  or  50mg/L 

1 

— 

U 

u .  '  mg/L 

mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

c 

1 9  (DO 

lOOK 

A  X  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

- . ! . 

0*\XL 

O.Ob  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

( 

100% 

to  A 

0-00  ^  mg/L 

DI 

_ _ !B£/k 

DI 

HACH  Titrations: 

Alkalinity  Sample  Size  =  IOO 

Titrate  with  '  -  (?  N  H2S04 


Digit  Multiplier  =  f  Q  |  "S  S'  digits 


CHEMet  Color  Tests: 

Ammonia  n 

C02  (  U  mLA-1910  added  for  sulfide  interference) 

Technician:  _ 

17  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


-&■ 


PPm 


PPm 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  A ify 


SAMPLE  DATE 
SAMPLE  I  D. 
FILTERED  (circle) 
COLOR  /ODOR: 


Lv(p  Pm  Pil T±nF_ 


yes  cno, 

/^>  o  DO 


Direct  Meter  Measurements: 


Temp 

PH 

Conductivity 
Dissolved  Oxygen 
Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR7700  Measurements: 

Time 

Reagent  Time 


Analyte  Program  Range  Dilution  Mixed  Measured  Reading  Blank*'*' 


Ferrous 

50.01.1 

0  -5.10  mg/L 

l 

OhOX 

v'rosr' 

/?  Oo  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

c 

O.QO(  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

f . 

mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0  -5.10  mg/L 

( 

<D<il  k 

ol  M  .. 

O-  03  mg/L 

sample 

-  o  /6  mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

\ 

\ — 

-tf-jcM-  mg/L 

DI  or  50mg/L 

4 

O-  /  4.  mg/L 

DI  or  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

i 

to  OO 

lOCil 

S-  ?•  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

( 

=><*  J-<j 

6,0  1  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

( 

tD*V 

to/  ^ 

/LOo^mg/L 

DI 

mg/L 

DI 

HACH  Titrations:  . 

Alkalinity  Sample  Size  =  [OO  ^  Digit  Multiplier -  Qt  j  |  3  Q  digits 

Titrate  with  D.  I  (=>  N  H2S04 


CHEMet  Color  Tests: 

Ammonia 

C02  (  O  mL  A- 19 10  added  for  sulfide  interference) 


Technician: 


<£> 

PPm 

PPm 

**  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  A  ^7 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 


UpuJSL 


COLOR/ODOR:  A/cP  OQO^ 


Direct  Meter  Measurements: 


Temp 

pH 

Conductivity 
Dissolved  Oxygen 
Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 

Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank** 

Ferrous 

50.01.1 

0-5.10  mg/L 

1 

<77  *7 

0?  yy 

<9.00  mg/L 

sample 

mg/L 

.  sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

( 

cnro 

0  go<J> 

0.OO^~  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

1 

oi9±~ 

O&o  I 

0-°\  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

1 

C 19* 

O%o! 

0*0  ik  mg/L 

sample 

mg/L 

sample 

DI  og^/mg/L 

Sulfate 

45.000 

0  - 100  mg/L 

I 

O'BO’7 

oi  <A 

mg/L 

O.TH  mg/L 

50mg/L 
' —  DI 

Chloride 

45.02.1 

0  -  20.0  mg/L 

1 

ok  11 

11,0  mg /L 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

( 

o&c*X 

0 

O  •  ^  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

_ / 

09(0 

OX/'f’ 

OOik  mg/L 

DI 

mE (L 

DI 

HACH  Titrations: 

Alkalinity  Sample  Size  =  Digit  Multiplier  =  Q.  S'  |  /  O  digits 

Titrate  with  0,1  C  N  H2S04 


CHEMet  Color  Tests: 

Ammonia 

C02  (  0  mLA-1910  added  for  sulfide  interference) 

Technician:  _ _ 

*  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents: 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
w  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


O 

ppm 

PPm 

2 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  ^  K) 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


°C/°F  (circle) 
SU 

pS/cm 
mg/L 
mV 

'  OD<o(l^ 


i\popL 


<a/  70 


/yes) 


^ _ ^  NO 

/  CT/7  i.WL 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 


/A 


Redox  Potential 


HACH  DR/700  Measurements: 


Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank*/W 

Ferrous 

50.01.1 

0-5.10  mg/L 

S 

inoi 

JHO  H 

mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

/ 

l  H04 

f  HV4 

Os  (yoH  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

1 

'Ha 

/H  <  V' 

O-  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

J.  O 

/  V  1  <i 

H  /? 

A, 79  mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

\ 

/<^AA 

IHlV 

—  0 .1  4  mg/L 

DI  oK^QpJg/L 

0,°/  7  mg/H 

50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

1 

.A  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

/ 

1 H  1  °i 

d?.  -/>  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

_ ! _ 

C?-0V3mg/L 

DI 

mg/L 

DI 

HACH  Titrations:  _  i 

Alkalinity  Sample  Size  =  ‘ 

Titrate  with  4  N  H2SO« 


Digit  Multiplier  =  K  £> 


±  -S  digits 


CHEMet  Color  Tests: 

Ammonia 

CO 2  (  O  mL  A- 19 10  added  for  sulfide  interference) 

Technician:  ^ — 


PPm 


ppm 


30 


^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
w  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  ^ 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


I|//  Tp3L 


1  U/7<QL> 


(Ytt) 


NO 


Direct  Meter  Measurements: 

Temp _ 

pH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


,/V  <£>0o 


HACH  DR/700  Measurements: 


Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank1'" 

Ferrous 

50.01.1 

0  -5.10  mg/L 

* 

JAIL. 

3  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

1 

iXl  O 

PJ.oQj  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

\ 

l 

<D  S  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0  -5.10  mg/L 

_ 

1  kd 

'%  A.C\  mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

1 

i.v^°r 

mg/L 

DI  or  ^^g/L 

0.-7^>  mg/L 

tj5T>r  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

\ 

19,3  1 

i*y  ^ 

3>  "3  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

\ 

TF* 

7\  v  3  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

1  Sr  3  ~7 

&  'Ol  mg/L 

DI 

_ 

_ _ ss/L 

DI 

HACH  Titrations: 
Alkalinity  Sample  Size  = 
Titrate  with  \ 


CO 

(q  nh2so4 


Digit  Multiplier  = 


A  a  digits 


CHEMet  Color  Tests: 

Ammonia 

CO2  (  G  mL  A- 19 10  added  for  sulfide  interference) 

Technician:  73* _ * _ 


ppm 

lO  5~ 

ppm 

**  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 

1  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


4, 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  V»A  K  ^ 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 


GaUD 


YES 


COLOR /ODOR:  tUc  /  SW>  \SG\  . 

o0 


Direct  Meter  Measurements: 

Temp _ 

pH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


'C/T  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 


Time 

Reagent  Time 


Analyte  Program  Range  Dilution  Mixed  Measured  Reading  Blank*'" 

JTX'Tv!.  .  ^  ^  ^  ^  _  I  "t^  *'*'i  i  ""! ,  i  ^  .  i  a  _  *  n  i 


Ferrous 

50.01.1 

0-5.10  mg/L 

to 

oSjis 

OSAO 

^&#^mg/L 

sample 

7,XH  mg /L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

_ _ l _ 

04  Xk 

017-% 

D-OO  ^mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

/ 

0470 

0117 

(*) „  Hr  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0  -5.10  mg/L 

_ L Q_ 

wn  i 

3  S3  mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

I 

w<oD 

too? 

2..0O  mg/L 

DI  or@mg/L 

mg/L 

(DjW  50mg/L 
DI 

Chloride 

45.02.1 

0  -  20.0  mg/L 

( 

/OOA 

(0t>4 

/(9-9"  mg/L 

if 

mg/L 

DI 

t*  Manganese 

52.13.1 

0  -  20.0  mg/L 

_ L 

0*1  O'  D 

dwh  \ 

O  O  mg/L 

sample 

An ah 

f0l7 

/.  S'  mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

_ 1 _ 

LOO  3 

l  O'O  4 

U.  OLk  mg/L 

DI 

_  t 

_  mg/L 

DI 

HACH  Titrations:  ^  ^ 

Alkalinity  Sample  Size  =  \QS>  Digit  Multiplier  =  1.0  |  ~^cl  digits 

Titrate  with  / .  N  H2S04 


CHEMet  Color  Tests: 

Ammonia 

C02  (  0  mLA-1910  added  for  sulfide  interference) 


Technician: 


PPm 

PPm 

V 


v  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 

Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 

/icTlTK  AX>cu T)t,y 


$/WP(  (r*  S' l 


(  i  (y  ( .oif 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  W*  A\  V 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 


WpoEZ 


YES 


Direct  Meter  Measurements: 

Temp _ 

pH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


COLOR  /  ODOR: 


°Cn  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 


Time 

Reagent 


Time 


Analyte 

Program 

Range 

Ferrous 

50.01.1 

0  -5.10  mg/L 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

Total  Iron 

50.03.1 

0-5.10  mg/L 

Sulfate 

45.000 

0  - 100  mg/L 

^Chloride 

45.02.1 

0  -  20.0  mg/L 

Manganese 

52.13.1 

0  -  20.0  mg/L 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

Dilution 


Tzr- 

jo*  >7 

o*u  d 

3  mg/L 

mg/L 

mg/L 

i 

mAA 

05  X? 

O  00*3  mg/L 

mg/L 

t 

0330 

W7 

O.  Js.  mg/L 

mg/L 

to 

0*11 

OW 

"3-^1  mg/L 

mg/L 

1 

(ooo 

AOOi 

&^0<0  mg/L 

^ .  7$  (  mg/L 

1 

t<2G<* 

l  OO H 

lO.Sr  mg/L 

mg/L 

/ 

an  vo 

o**  d 

1 .  1  mg/L 

)D>  H 

1017 

/-  mg/L 

1 

(06  X 

/O  6  S' 

tX>Oj 1  7-mg/L 

. 

_ ™2Jk 

Blank' 


«/.w 


sample 
sample 
sample 
sample 
sample 
sample 
sample 
sample 
sample 

DIor<S^ig/L| 
|)l)br  50mg 
DI 
DI 

sample 
sample 
DI 
DI 


HACH  Titrations: 
Alkalinity  Sample  Size  = 
Titrate  with 


:  1^0^  ( 
\.  L  NH2S04 


Digit  Multiplier  =  j .  O  |  Sr  3.  digits 


CHEMet  Color  Tests: 

Ammonia 

C02  (  mL  A- 19 10  added  for  sulfide  interference) 


ppm 

/vo 

ppm 

Technician: 


^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 

Y  AtT£ <L 


{/  }di<r  7 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  WM  A  p 


SAMPLE  DATE 


wfe- 


Direct  Meter  Measurements: 


Temp 

°C/°F  (circle) 

SAMPLE  I.D. 

pH 

SU 

Conductivity 

pS/cm 

FILTERED  (circle)  (Ygy 

NO 

Dissolved  Oxygen 

mg/L 

.r 

Redox  Potential 

mV 

COLOR/ODOR:  CL^/IAJ  ,A# 

HACH  DR/700  Measurements:  l  W  oO u 

Time 

Reagent 

Time 

Analyte 

Program  Range 

Dilution 

Mixed 

Measured 

Reading 

Blank‘/,b/ 

Ferrous 

50.01.1  0-5.10mg/L 

1 

77TT 

TTTT 

O.A  \  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1  0  -  0.350  mg/L 

l 

TTW 

(5vOO>  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1  0  -  30.0  mg/L 

( 

D  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1  0-5.10  mg/L 

1 

Fthc 

iyH°f 

0,-^M  mg/L 

sample 

i>  mg/L 

sample 

DI  ordflmg/L 

Sulfate 

45.000  0-100  mg/L 

_ _ t _ 

-Lvsm 

1  7*7 

(A-6D  mg/L 

mg/L 

(S^r50mg/L 

Chloride 

45.02.1  0-20.0  mg/L 

i 

ns? 

l 

S'S  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1  0-20.0  mg/L 

1 

S'bLt  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1  0  -  0.600  mg/L 

J 

1X02 

O  -OX\  mg/L 

DI 

_ mg/L 

DI 

HACH  Titrations:  _  ( 

Alkalinity  Sample  Size  =  5^0 1^\\  Digit  Multiplier  =  0-  \  digits 

Titrate  with  NHjSO, 

O-lb 


CHEMet  Color  Tests: 

Ammonia 

CO2  (  0  mL  A- 19 10  added  for  sulfide  interference) 


Technician: 


\-U 

ppm 

ppm 

*  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
w  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  m  A  *7 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 


(/  %fEA 


Lv  7  3 


NO 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


COLOR /ODOR:  £  OOO^L- 

HACH  DR/700  Measurements: 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


Time 


Analyte  Program  Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank*4* 

Ferrous  50.01.1  0-5.10  mg/L 

_ 1 _ 

i  AH  I 

mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite  50.08.1  0-0.350  mg/L 

{ 

OOOH  mg/L 

sample 

mg/L 

sample 

Nitrate  50.05. 1  0  -  30.0  mg/L 

l 

1A>'0 

U>6 

1.  t-h  mg/L 

sample 

mg/L 

sample 

Total  Iron  50.03.1  0  -  5.10  mg/L 

_ i _ 

f^l 

O-oH  mg/L 

sample 

mg/L 

sample 

Sulfate  45.000  0  - 100  mg/L 

/ 

(3oo 

1303T 

-0-14  mg/L 

DI  or  (50jKg/L 

O.S°\  mg/L 

(j5Tbr  50mg/L 

Chloride  45.02.1  0-20.0  mg/L 

/ 

J?oM 

3-  <;  mg/L 

DI 

mg/L 

DI 

Manganese  52. 1 3 . 1  0  -  20.0  mg/L 

_ i _ 

— 

7  AST  3 

^<T7 

1  9  mg/L 
mg/L 

sample 

sample 

Sulfide  61.12.1  0  -  0.600  mg/L 

/ 

L3C» 

TJZsg, 

0-013  mg/L 

DI 

. 

mg/L 

DI 

HACH  Titrations: 

Alkalinity  Sample  Size  =  £0  Digit  Multiplier  =  O-  ^  I  CTD  digits 

Titrate  with  0. (  N  H2S04 


CHEMet  Color  Tests: 

Ammonia 

C02  (  Q  mL  A-19 10  added  for  sulfide  interference) 


Technician: 


Tiki 


-cr~r 

ppm 

loo 

ppm 

^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 

Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


3 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  V&  /A  *7 


SAMPLE  DATE 
SAMPLE  I.D. 

FILTERED  (circle) 

COLOR  /ODOR:  C  A/2>  dA- 


Direct  Meter  Measurements: 


Temp 

PH 

Conductivity 
Dissolved  Oxygen 
Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 

Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank*"’' 

Ferrous 

50.01.1 

0-5.10  mg/L 

t::  1 

/SHJk 

iWT 

O .  0<f  mg/L 

sample 

sample 

sample 

mg/L 

mg/L 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

1 

TJhT 

J5T> 

<9,t)OAmg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

1 

f-sro 

lS<Tb 

C>-  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

l 

mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

_ L _ 

TbOl 

IGO  6 

mg/L 

DI  or  @i)g/L 

\  mg/L 

<£5£&r50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

f 

ISO  A 

MoV 

^ mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

7 

issrg 

/6DO 

0.0  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

_ 1 

Iho <f- 

<9-03^  mg/L 

DI 

_ ISM; 

DI 

HACH  Titrations: 

Alkalinity  Sample  Size  Digit  Multiplier  =  O.  (  |  MS*  digits 

Titrate  with  O.lG  N  H2S04 


CHEMet  Color  Tests: 

Ammonia 

CO2  (  &  mLA-1910  added  for  sulfide  interference) 


Technician: 


O' 


&  ppm 
O  ppm 


v  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 

Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


~7 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  JW» 


a  tnjjEL 


W~7~7 


YES 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 

Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank*/b/ 

Ferrous 

50.01.1 

0-5.10  mg/L 

_ 1 _ 

io  >“  / 

0-03  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

“i 

(ozx 

11  OX 

C?.Oo4mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

1 

iOS'i 

LcO  *4 

'  .  *-f  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

/ 

1  LtPo 

1 1  0  *3. 

D,XO  mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

1 

1 1 JJP 

ILLS' 

mg/L 

DI  ot(xQg/L 

//; .  mg/L 

^T^r  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

( 

II  IX 

III  M 

S  -  ^  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

( 

(/or 

1(0? 

(9-  (  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

< 

1J.I  > 

111  s<r 

0,0  mg/L 

DI 

_ 

mg/L 

DI 

HACH  Titrations: 

Alkalinity  Sample  Size  =  loO  Digit  Multiplier  =<9  / 

Titrate  with  O  IM  NH2S04 


CHEMet  Color  Tests: 

Ammonia 

CO2  (  0  mLA-1910  added  for  sulfide  interference) 


digits 

__  PPm 

/3o 

ppm 

Technician: 


17  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 

1  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  <> 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


WpS- 


S  A 


NO 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


£ 


i&sA  j  odzj/i 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 

Time 


Reagent 

Time 

Analyte 

Program 

Range 

Dilution 

Mixed 

Measured 

Reading 

Blank‘d 

Ferrous 

50.01.1 

0-5.10  mg/L 

_ £_J 

r^<r 

£b<T)f( 

y  <6S~~  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

\ 

lTir_6. 

Nol 

lLQP*i  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

_ (_ 

/ 

(?.  1  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

_ 

LHdS 

1  Ho* 

mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  -  100  mg/L 

I 

1 HIH 

14X0 

mg/L 

DI  or  50mg/L 

mg/L 

DI  or  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

1 

CM  1 7 

141*1 

J_3.£  mg/L 

DI 

^langanese 

mg/L 

DI 

52.13.1 

0  -  20.0  mg/L 

_ t _ 

/A f  10 

14  1  A 

-O  .  O  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

_ 1 _ 

LH 

£).03*f  mg/L 

DI 

mg/L 

DI 

HACH  Titrations: 

Alkalinity  Sample  Size  =  J>0  Digit  Multiplier  =  0,  ^  I  'SO  digit? 

Titrate  with  Q .  1 4  N  H2SO„ 


CHEMet  Color  Tests: 

Ammonia 

C02  (  (y  mLA-1910  added  for  sulfide  interference) 


Technician: 


£  ppm 

PPm 


^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 

7 'cACr)('/V7  fjdd  f  A 

U 1  o  7 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  VIA  /w  ^ 


SAMPLE  DATE 


SAMPLE  I.D. 


STfr- M  AlP 


w 


FILTERED  (circle) 
COLOR /ODOR: 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


HACH  DR/700  Measurements: 


Analyte  Program  Range  Dilution 
Ferrous  50.01.1  0-5.10  mg/L  |  j 


Nitrite  50.08.1  0-  0.350  mg/L 

Nitrate  50.05.1  0  -  30.0  mg/L 

Total  Iron  50.03.1  0-5.10  mg/L 


Sulfate 


45.000  0-100  mg/L 


Chloride  45.02.1  0-20.0  mg/L 

/ 

'Manganese  52.13.1  0-20.0  mg/L 


Sulfide 


61.12.1  0  -  0.600  mg/Ll 


HACH  Titrations: 

Alkalinity  Sample  Size  =  lo  O 

Titrate  with  1  -  4?  NH2S04 


Time 

Reagent  Time 
Mixed  Measured  Reading 

US  I  ISlL  Hd  nw 

MOo  IM2  2 _ ms 

_ ^  .5~S"  mg 

16Q^_  /OcQoomg 

_ mg 

LL£Z  16  L3  -O.A  me 

_ mg 

IaiA  lAIM  233  m 

1 6A4  mg 


Digit  Multiplier  = 


\O-0)V  me 


’  K  dig 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


Blank*'-* 
sample 
sample 
sample 
sample 
sample 
sample 
sample 
sample 
sample 
DI  or  50mg/ 
DI  or  50mg/ 
DI 
DI 

sample 

sample 

DI 

DI 


CHEMet  Color  Tests: 

Ammonia 

C02  (  ^mLA  -1910  added  for  sulfide  interference) 

Technician:  73  * — " 


,0  (Q  ppm| 


^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 

.  /  b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 

sa^lG  rudNcO 

\jt0Lirr  loloA  Cftwiz;  3^1 

D  f Axes'  ^ 

4D0tT) 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  Wt  O') 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


igngzL 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

NO  i»'7'  Dissolved  Oxygen _ 

Redox  Potential 


c  C0MY  ,ry 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


A/ 


HACH  DR/700  Measurements: 


Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank^ 

Ferrous 

50.01.1 

0-5.10  mg/L 

_ _21J 

OJS.L 

mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

i 

75  3 

O.oo?\  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

l 

JD'bO'k 

0 . mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

r 

O'#  o-l 

0%  O'? 

3. 1C  mgA- 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

.  / 

O&lo 

Og  1  ~7 

mg/L 

DI  or@ij)g/L 

/.£>>  mg/L 

0L^5Omg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

i 

Ofs  l> 

O&IL 

S-  7  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

_ j. _ 

Oho  6 

2  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

_  / 

OS  IH 

0-O>Omg/L 

DI 

mg/L 

DI 

HACH  Titrations:  '  < 

Alkalinity  Sample  Size  =  ’ 

Titrate  with  NH2S04 


Digit  Multiplier  =  ^ 


H  O  digits 


CHEMet  Color  Tests: 
Ammonia 


C02 


(Q 


mL  A- 19 10  added  for  sulfide  interference) 


Technician: 


i- 

ppm 

I/O 

ppm 

17  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


t 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  JfcA  ^ 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR  /ODOR: 


M/TCi 

1  *7 L  Direct  Meter  Measurements: 

t  f 

Temp 

°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 

ph 

Conductivity 

/Y eES~^)  NO  Dissolved  Oxygen 

^ - ,  Redox  Potential 

/  i~>  . 

3UT2f  oocii'u. 


HACH  DR/700  Measurements: 


Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank*7'" 

Ferrous 

50.01.1 

0  -  5.10  mg/L 

mg/L 

sample 

sample 

sample 

in 

/p^ 

'037 

mg/L 

mg/L 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

( 

_  Lo  H.d 

lOSA 

o  >003  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

/ 

L  PW 

U .  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

. ( c? 

f  DSro 

\  OS  "3 

3  ,oti  mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

1 

J  ioX 

nos 

"3-7  X  mg/L 

DI  or<5cjmg/L 

3.03  mg/L 

iftjbr  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

1 

{loif 

H  DC 

7.  4  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

1 

109$ 

llOD 

U ,  ^  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

_ ! _ 

1 

111/ 

0.  O  3  ^  mg/L 

DI 

_ mg/L 

DI 

HACH  Titrations:  _  i  _ 

Alkalinity  Sample  Size  =  ^  ^  '  Digit  Multiplier  =  ^  |  I  digits 

Titrate  with  )-(0  N  H2S04 

CHEMet  Color  Tests: 

Ammonia 

COj  (  Q  mLA-1910  added  for  sulfide  interference) 

Technician:  _ C- _ 


~K  PPm 

l<0O  PPm 


"  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


LI 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  /-V? 

Direct  Meter  Measurements: 

_  Temp _ 

E>*t>Lk'tTZ  pH _ 

Conductivity _ 

YESj  NO  Dissolved  Oxygen _ 

Redox  Potential 


pi 


COLOR / ODOR: (  /  /U<9  t>t/J  [t\  £>ClO L/txfcd 

HACH  DR/700  Measurements: 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


a'  O  £>0/3^ 


Time 


Analyte 

Program 

_ Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank*'* 

Ferrous 

50.01.1 

0-5.10  mg/L 

mg/L 

sample 

/  O 

/ 03 

toy  > 

3.  &0  mg/L 

sample 

Nitrite 

mg/L 

sample 

50.08.1 

0  -  0.350  mg/L 

mg/L 

sample 

sample 

Nitrate 

1 

(O  40 

OcOoV  mg/L 

50.05.1 

0  -  30.0  mg/L 

L 

/OW 

O  -  T2-  mg/L 

sample 

sample 

Total  Iron 

mg/L 

50.03.1 

0-5.10  mg/L 

/o 

>oi 

P34  mg/L 

sample 

sample 

DI  dc50plg/L 

Sulfate 

mg/L 

45.000 

0-100  mg/L 

1 

II  O* 

i/o  -7 

3  9  S"  mg/L 

3  •  03  mg/L 

(6)  or  50mg/L 
DI 

Chloride 

45.02.1 

0  -  20.0  mg/L 

_ L 

1  lew 

1  /  D-6 

"7.C)  mg/L 

Manganese 

mg/L 

DI 

52.13.1 

0  -  20.0  mg/L 

_ S _ 

f  OS'S 

HOo 

3 . 1  mg/L 

sample 

sample 

Sulfide 

mg/L 

61.12.1 

0  -  0.600  mg/L 

1 

(  1  Its 

n  n 

O-  Ci:£_lmg/L 

DI 

. 

mg/L 

DI 

HACH  Titrations: 

Alkalinity  Sample  Size  =  ^  ^  1 

Titrate  with  N  H2S04 


Digit  Multiplier  =  £)!>' 


)*Q  digits 


CHEMet  Color  Tests: 

Ammonia 

CO2  (  fc>  mL  A-1910  added  for  sulfide  interference) 

Technician:  /$  C- 


ppm 

// 

ppm 

^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 

Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


( 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  )(*  /A£ 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR  /ODOR: 


wmc 


A j£_tz 


(fas) 


NO 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 


Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank*™ 

Ferrous 

50.01.1 

0-5.10  mg/L 

mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

_ i _ 1 

rn°u<4 

mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

_j _ 

&M( 

m<-  ? 

CD.  ^  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

— r _ 

ctf  r> 

mi  4 

_2  v>  >  mg/L 

sample 

mg/L 

sample 

DI  orQlQjhg/L 

Sulfate 

45.000 

0  - 100  mg/L 

_ | _ 

Cftll 

-03A  mg/L 

/.73'  mg/L 

(01)or  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

! 

. 0 

S'.  ~>  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

_ ( _ 

Oc\[-7 

_a=\  1°! 

mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

1 

0 

<9-  03  1  mg/L 

DI 

_ 

mg/L 

DI 

HACH  Titrations: 

Alkalinity  Sample  Size  =  Digit  Multiplier  =  5” 

Titrate  with  (.£  NH2S04 


CHEMet  Color  Tests: 

Ammonia 

C02  (  mL  A- 19 10  added  for  sulfide  interference) 

Technician:  _ ^  O 


digits 

<H 

ppm 

ppm 

^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
w  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


'3, 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  /Hy> 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


7/V  l  [ci.  6 


NO 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


HACH  DR/700  Measurements: 

Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank"* 

Ferrous 

50.01.1 

0  -  5.10  mg/L 

I 

L533 

/  ^ 

n.  iX  mg/L 

sample 

sample 

sample 

sample 

sample 

sample 

sample 

sample 

sample 

mg/L 

Nitrite 

mg/L 

50.08.1 

0  -  0.350  mg/L 

_ i _ 

i-cw  r 

f\OOA  mg/L 

Nitrate 

mg/L 

50.05.1 

0  -  30.0  mg/L 

1 

c? 

iSHt 

"X-  A  mg/L 

Total  Iron 

mg/L 

50.03.1 

0-5.10  mg/L 

_ _ ! _ 

L5.ML 

(7 . 1  b\  mg/L 

Sulfate 

mg/L 

45.000 

0-100  mg/L 

( 

/sv.*! 

LSS'i 

—O'Xy  mg/L 

DI  o^Sfffng/L 

Chloride 

JL 

PI  #  50mg/L 
DI 

45.02.1 

0  -  20.0  mg/L 

/s.2ri 

4>  mg/L 

Manganese 

52.13.1 

mg/L 

DI 

0  -  20.0  mg/L 

( 

LZ.^-7 

<D-  3  mg/L 

sample 

sample 

DI 

Sulfide 

mg/L 

61.12.1 

0  -  0.600  mg/L 

—  1 

i5sr^ 

Z7)  .Ol  0  mg/L 

■ 

mg/L 

DI 

HACH  Titrations:  {  ^  ^  t 

Alkalinity  Sample  Size  =  10  O*^)  Digit  Multiplier  =  (9 .  I  PT  diiitT 

Titrate  with  Q.  (  Q  N  H2S04 


CHEMet  Color  Tests: 

Ammonia 

C02  (  O  mL  A- 19 10  added  for  sulfide  interference) 


Technician: 


2^ 


ppm 

tOc=> 

ppm 

**  Sulfate*  sulfide*  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron*  nitrate*  nitrite*  and  manganese  blanks  are  without  reagents. 

Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


n 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  V*  /V$ 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 


TimpL 


ST,K<4>1 


NO 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


COLOR/ODOR:  Au>0  QOo/l_ 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 


Time 

Reagent 


Time 


Analyte 

Program 

Range 

Dilution 

Mixed 

Measured 

Reading 

BIank*/w 

Ferrous 

50.01.1 

0  -  5.10  mg/L 

_ La 

/Of  7 

iOAO 

2  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

1 

ini  M 

t  OAW 

C?^C5mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

_ L _ 

tnxo 

1  OA  6 

p"  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

_ L Q 

COhk 

lDA'y- 

3, ,  6  O  mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

_ L_ 

107  a 

_L077 

-0-<T>  mg/L 

DI  or<£jnlg/L 

(.0  f  mg/L 

fipSi  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

_ 1 _ 

ID 7  b 

/03/ 

C  •  '-f  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

_ 1 _ 

lOck^ 

I01>  l 

mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

! _ C _ 

10  3=1 

tOH  U 

/)OXk  mg/L 

DI 

1  mg/L 

DI 

HACH  Titrations: 

SO-,  \ 

Alkalinity 

Sample  S12 

Digit  Multiplier  =  t* 

5T1/  digits 

CHEMet  Color  Tests: 

Ammonia 

CO2  (  0  mL  A- 19 10  added  for  sulfide  interference) 

Technician:  _ 

v  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


cK  ppm 
//>  o  ppm 


i  4 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  ^  A  ^ 


SAMPLE  DATE 
SAMPLE  I.D. 


UJ/ZI \±L 

‘TlkMtX- 


FILTERED  (circle).  NO 


COLOR/ODOR:  /  .  „ 

c  ICfiYL  t  A'o  O  D  aA 

HACH  DR/700  Measurements: 


Direct  Meter  Measurements: 


Temp 

pH 

Conductivity 
Dissolved  Oxygen 
Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank*AW 

Ferrous 

50.01.1 

0-5.10  mg/L 

/ 

L <233 

O  AO  mg/L 

sample 

sample 

sample 

sample 

sample 

sample 

sample 

sample 

sample 

DI  oi@}hg/L 
/&Tpr  50mg/L 
DI 

mg/L 

Nitrite 

mg/L 

50.08.1 

0  -  0.350  mg/L 

f 

(OT~? 

I01 17 

O -003  mg/L 

Nitrate 

mg/L 

50.05.1 

0  -  30.0  mg/L 

t 

LOM  °\ 

,  ,°l  mg/L 

Total  Iron 

mg/L 

50.03.1 

0-5.10  mg/L 

( 

LO  H 

InnK 

f) .  1 3  mg/L 

Sulfate 

mg/L 

45.000 

0  - 100  mg/L 

_ 1 

Uot> 

J  TFl 

D-X  ?  mg/L 

Chloride 

Q  \  mg/L 

45.02.1 

0  -  20.0  mg/L 

t 

LL  Q  2 

t! 

b  5”  '  mg/L 

Manganese 

mg/L 

DI 

52.13.1 

0  -  20.0  mg/L 

< 

-J-0  5-3 

1 

0  .0  mg/L 

sample 

sample 

DI 

Sulfide 

61.12.1 

mg/L 

0  -  0.600  mg/L 

t_l _ 

jio<r 

HID 

C?  1  mg/L 

l 

_ 

mg/L 

DI 

HACH  Titrations:  ^  ^ 

Alkalinity  Sample  Size  =  Ky  Digit  Multiplier  =0  <^[“77  dlcitei 

Titrate  with  QAb  NH2S04  * 


CHEMet  Color  Tests: 

Ammonia 

CO2  (  <£p  mL  A-1910  added  for  sulfide  interference) 

Technician: 

v  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


PPm 


~7  0_  ppm 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  M  A\> 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


£ 


M  fOA* 


NO 


Direct  Meter  Measurements: 

Temp _ 

pH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 

Time 

Reagent  Time 


Analyte  Program  Range  Dilution  Mixed  Measured  Reading  Blank‘d 


Ferrous 

50.01.1 

0-5.10  mg/L 

f 

(033 

O.  1  O  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

1 

0-?-7 

(OS~7 

/).OoA  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

1 

/O  4  °l 

1  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

-  \ 

mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

L 

rirtQ 

•J/O6 

~Q -3^  mg/L 

DI  o{®g/L 

1 . 0  mg/L 

©or  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

---  1 

I/O'? 

11.0  -6 

mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

1  OS'S" 

O.  (  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

/I  CLL 

/i*o<r 

11/0 

2i_Q\e>  mg/L 

DI 

_ -mg/L 

DI 

HACH  Titrations: 

Alkalinity  Sample  Size  =  Digit  Multiplier  =  0-1>  I  /  digits 

Titrate  with  ()  N  H2SO4 


CHEMet  Color  Tests: 

Ammonia 

C02  (  mL  A- 19 10  added  for  sulfide  interference) 

Technician:  _ . _ 

^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
w  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


Q  ppml 
ppm 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  MISSISSIPPI 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 


STA^  -  P5^~l 


ES^  NO 

COLOR  /  ODOR:  C  t  A  Z>  OD0<A- 

HACH  DR/700  Measurements: 


Direct  Meter  Measurements: 
Temp 
PH 

Conductivity _ 

Dissolved  Oxygen 
Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


Time 

Reagent  Time 


Analyte 

Program  Range 

Dilution 

Mixed 

Measured 

Reading 

Blank*'1'’' 

Ferrous 

50.01.1  0-5.10  mg/L 

_ (_ 

lOl'B? 

/*?.n6  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1  0-0.350  mg/L 

_ 

f  O 

Jcr>\ 

Q.Oo'ik  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1  0-30.0  mg/L 

i 

io->i 

/.  3  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1  0-5.10  mg/L 

( 

Lo 3*3 

/).o7-  mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000  0  -  100  mg/L 

i 

/03  7 

T 

0 

n.7>S  mg/L 

DI  or(?5^ig/L 

mg/L( 

DT)or  50mg/L 

Manganese 

52.13.1  0-20.0  mg/L 

t 

(O^ 

O*  cD  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1  0-0.600  mg/L 

l 

(o4<? 

lo'-kST 

0*O[  4  mg/L 

DI 

chief,  A 

HACHTitra 

mg/L 

DI 

-<2 

lti°nS:  o  (J 

Sample  Size  =  ,  ,  / 

OtiAf 

^Samnlp  = _ 

10-37 

/OM  ( 

5.0 

Alkalinity 

DM  '-0,^  \  digits 

1 

- - 

CHEMet  Color  Tests: 

■'  ■ — — digits. 

Ammonia 

O  ppm 

C02 

(  ^  mL  A-1910  added  for  sulfide  interference) 

70  PPm 

Technician: 


75 


d  Sulfate  and  sulfide  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
w  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


I:\forms\hach2.xls 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  m 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 


umm 


S 


YES  J  NO 
COLOR /ODOR:  ClcA^  Mo  OOD/V 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


“C/T  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 


Time 

Reagent  Time 


Analyte 

Program 

Range 

Ferrous 

50.01.1 

0  -  5.10  mg/L 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

Total  Iron 

50.03.1 

0-5.10  mg/L 

Sulfate 

45.000 

0  - 100  mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

Manganese 

52.13.1 

0  -  20.0  mg/L 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

Dilution 


- 1 - 

~7^T“ 

0.0 'T-  mg/L 

mg/L 

mg/L 

I 

<sr?o 

O .  mg/L 

mg/L 

1 

/T3>6 

I'Z'+X 

_£X  7-mg /L 

mg/L 

_ l _ 

O./O  mg/L 

!  mg/L 

/ 

rsm 

IS. S'  1 

mg/L 

/9i  6S" mg/L 

1 

/  S '2>~D 

7.7  mg/L 

mg/L 

( 

LShl 

/9-0  mg/L 

mg/L 

1 

tSsn 

O-  01^ong/L 

mg/L 

Blank1 


v,w 


sample 
sample 
sample 
sample 
sample 
sample 
sample 
sample 
samgle 
DI  or<$gj?ig/L 
DI  or  50mg/L 
DI 
DI 

sample 
sample 
DI 
DI 


HACH  Titrations:  I 

Alkalinity  Sample  Size  =  l&O  | 

Titrate  with  |_  NH2S04 


Digit  Multiplier  =  I.D  |  <2^8  digits] 


CHEMet  Color  Tests: 

Ammonia 

C02  (  £)  mL  A-1910  added  for  sulfide  interference) 

Technician: 


CD 

ppm 

~1 0 

ppm 

w  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
w  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


)  o 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  tfr 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


CifM-  / opoi^ 


Direct  Meter  Measurements: 


Temp 

pH 

Conductivity 
Dissolved  Oxygen 
Redox  Potential 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 

Time 

Reagent  Time 


Analyte  Program  Range  Dilution  Mixed  Measured  Reading  Blank*^ 


Ferrous 

50.01.1 

0-5.10  mg/L 

/ 

o%a\ 

Q- 1  \  rng/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

.  /  . 

o<t  43 

O-O.o  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

.  / 

.02*3 

oAsiiT 

).  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0  -5.10  mg/L 

1 

OkSi 

OJA  mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

1 

Ok  5 A 

—  1 . 13  mg/L 

DI  or(f0jhg/L 

£LSt4  mg/L 

'Sfifo  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

1 

0*101 

O  mg/I. 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

.....  L 

O'  1  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

/ 

mox 

CfiO'?' 

O  -Oi  |  mg/L 

DI 

_ _ _ E g/L 

DI 

HACH  Titrations: 
Alkalinity  Sample  Size  = 
Titrate  with  Q. 


I 

lb  N  H2S04 


Digit  Multiplier  =  D,  ^  I  digits 


CHEMet  Color  Tests: 

Ammonia 

CO2  (  O  mL  A-1910  added  for  sulfide  interference) 

Technician:  _ _ 

^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


O 

ppm 

JO 

PPm 

A 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  Vtf 


i  wfin 


Direct  Meter  Measurements: 


Conductivity 

NO  -  - . Dissolved  Oxygen 

,  Redox  Potential 

C(tM/  97*10 rJ fa  oov(A. 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 

Time 


Analyte 

Program 

Range 

Dilution 

Reagent 

Mixed 

Time 

Measured 

Reading 

Blank"*' 

Ferrous 

50.01.1 

0  -5.10  mg/L 

ST 

o3k°\ 

OH  3-L 

(l.'Z3.  mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

_ ! _ 

OT3.I 

5,06 A  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

( 

MVT 

(9-  5”  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

oW? 

1 «  7  <3.  mg/L 

sample 

mg/L 

sample 

Sulfate 

45.000 

0  - 100  mg/L 

C 

Jm&H  mg/L 

DI  or  50mg/L 

f-6^1  mg/L 

DI  or  50mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

l 

0*15 S' 

OHS'! 

S  -O  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0  -  20.0  mg/L 

l 

OHH1 

OHhH 

5,0  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

_ I _ 

Too  1  1 

0- Oo^  mg/L 

DI 

_ 

mg/L 

DI 

HACH  Titrations:  _ 

Alkalinity  Sample  Size  =  <  O  _  Digit  Multiplier  = 

Titrate  with  j  £  N  H2SO< 


CHEMet  Color  Tests: 

Ammonia 

C02  (  0  mL  A- 19 10  added  for  sulfide  interference) 


7 

digits 

ppm 

J£o_ 

ppm 

Technician: 


^  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
w  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


3(£> 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  MISSISSIPPI 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 
COLOR /ODOR: 


upm £ 


]  Direct  Meter  Measurements: 
Temp 

5TaM  pH 

^  Conductivity 

<^ES_P  NO  _Qisjsolyed  Oxygen _ 

Redox  Potential 


:  ct64*ij  SiiVo^Ci  GOM, 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 


Time 

Reagent 


Time 


Analyte  Program  Range 

Dilution 

Mixed 

Measured 

Reading 

Blank,/'w 

Ferrous  50.01.1  0-5.10  mg/L 

mg/L 

sample 

mg/L 

sample 

mg/L 

sample 

Nitrite  50.08.1  0-0.350  mg/L 

( 

0^3  1 

WiTX 

mg/L 

sample 

mg/L 

sample 

Nitrate  50.05.1  0-30.0  mg/L 

( 

O.S~  mg/L 

sample 

mg/L 

sample 

Total  Iron  50.03.1  0-5.10  mg/L 

f.  T'O  mg/L 

sample 

/  mg/L 

sample 

Sulfate  45.000-  0-  100  mg/L 

_ 

O 

^-t  ^  mg/L 

DI  or  50mg/L 

0.6  0  mg/L 

DI  or  50mg/L 

Manganese  52. 1 3 . 1  0-20.0  mg/L 

__I _ ! 

yi'i  7 

mg/L 

sample 

mg/L 

sample 

Sulfide  61.12.1.  0-0.600  mg/L 

( 

O^S4 

/OO  1 

mg/L 

DI 

^  ^  lorljQ. 

mg/L 

DI 

N 

0^57 

Alkalinity  Sample  Size  =  lO  O 

i.fe// 

Chloride  Sample  Si7ift-= - 


i)Ai  -  )  1  digits 


"digits 


CHEMet  Color  Tests: 

Ammonia 

C02  (ZD  mL  A- 1 9 1 0  added  for  sulfide  interference) 


<D  ppm 


lSzP>  PPm 


Technician: 


5 


**  Sulfate  and  sulfide  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
w  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


l:\forms\hach2.xls 


i 

ciO 


ON-SITE  MEASUREMENTS 
HACH  AND  CHEMets  ANALYSES 
COLUMBUS  AIR  FORCE  BASE,  YA  AV> 


SAMPLE  DATE 
SAMPLE  I.D. 
FILTERED  (circle) 


NO 


Direct  Meter  Measurements: 

Temp _ 

PH _ 

Conductivity _ 

Dissolved  Oxygen _ 

Redox  Potential 


COWR/ODOR:  ClCAflf 

c^0c>A_ 


°C/°F  (circle) 
SU 

pS/cm 

mg/L 

mV 


HACH  DR/700  Measurements: 


Time 

Reagent  Time 


Analyte  Program  Range  Dilution  Mixed  Measured  Reading  Blank*/b/ 


Ferrous 

50.01.1 

0  -  5.10  mg/L 

075*+ 

0  757 

5-  LL  mg/L 

■M1UH 

mg/L 

sample 

mg/L 

sample 

Nitrite 

50.08.1 

0  -  0.350  mg/L 

C . 

6754 

060*7 

.003  mg/L 

sample 

mg/L 

sample 

Nitrate 

50.05.1 

0  -  30.0  mg/L 

1 

9&o  T 

OS/P 

O  -  M-  mg/L 

sample 

mg/L 

sample 

Total  Iron 

50.03.1 

0-5.10  mg/L 

<r . ... 

o&osr 

0%c&_ 

3L  0  7  mg/L 

sample 

^  O'L  mg/L 

sample 

DI  oijj^ng/L 
£>j)or  50mg/L 

Sulfate 

45.000 

0- 100  mg/L 

i 

7 

ozx'Z 

mg/L 

SAI  mg/L 

Chloride 

45.02.1 

0  -  20.0  mg/L 

— i — 

OXlQ__ 

/•  mg/L 

DI 

mg/L 

DI 

Manganese 

52.13.1 

0-20.0  mg/L 

i 

0<k'H 

0*5  1  “7 

(.  1  mg/L 

sample 

mg/L 

sample 

Sulfide 

61.12.1 

0  -  0.600  mg/L 

/ 

O  hXL 

U.Ol  ^  mg/L 

DI 

mg/L 

DI 

HACH  Titrations:  _  t  _ 

Alkalinity  Sample  Size  —  /'A.  *  Digit  Multiplier  =  __T  I  /  [  digits 

Titrate  with  ).(y  N  H2S04 


CHEMet  Color  Tests: 

Ammonia 

C02  (  &  mLA-1910  added  for  sulfide  interference) 


Technician: 


PPm 

/VO 

ppm 

*  Sulfate,  sulfide,  and  chloride  blanks  contain  respective  reagents; 

Ferrous  iron,  total  iron,  nitrate,  nitrite,  and  manganese  blanks  are  without  reagents. 
b/  Ferrous,  total  iron  and  manganese  blanks  should  be  diluted  accordingly  if  samples  are  diluted. 


APPENDIX  A-4 
SLUG  TEST  RESULTS 


L:\SH\24APPNDX.DOC 
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Well  74  Rising  Head  Test  1 


AQTESOLU 


O' 

<E 

*-<  -  r- 
w  cn 
CO  PC  \ 

r- 


o 

M  £ 

«  MU 

o  ^  ae  o 
xz  aj 

c:  z:  « 
P5  -  □  I 
H  <m  »-*  b 
b  f=  *-<  U 


<E  CO  O  *-•  O  ID  3 

h  cn  \  □  u  j  3 

<r  cn  a  c  □  o 

«  3  ©  <E  =3  CO  CQ 


+>  +* 

’P 

..  4-> 

<C  M  CO 

Hh  CO  CO  03 

<L  \D  ©  sO  ■ 

Q  ■  *  ■  O 

HOOH 
H 

CO  H  II  II  II 
W  o  U  3 
HI  ^ 


mosaiDu 


AQTESOLV 


cy 

••  <r 

i-i  •  r- 
w  csj  cn 
CO  \ 
m 


O 
O 

W  X 

W  f-»  c*  +J 

O  W  U  Cm  +> 

OTSXU  ■■  X  CM'P 

c  u  —  <n  th  rn  c* 

!=  X  PC  i-  P-  X  v£) 

PC  'H  □  |  <E  m  o  <JD  • 

W  Ch  h  ^  Q  ■  ■  •  G 

h  C  H  (D  ®  ©  © 

•—0X3  H 

x  (J  1-3  =s  co  n  II  n  u 

3C  O  O  WO  0  3 

OX  CO  CQ  H  X  Sh  S*  W 


<C  CVJ  O  >—0X3 

H  CO  \  X  CJ  W  S 

GGtn  OP  G  o 

OXO  <C  X  CO  « 


AQTESOLU 


AQTESOLU 


Colunbus  ftFB,  Mississippi _ [project:  729691.32Q50 

Uell  77  Rising  Head  Test  Z 


1-4 

O' 

..  <E 

*-•  •  r- 

w  n  u\ 

COK  \ 

m 

<n  csj  o 

H  o-  \ 

<c  m 

0  3  0 


o 

o 

W  X 

W  M 

O  W  (D 

a  ^  c  u 

C  OJ 

S=  X  X 

K  ^  O  I 
W  Cm  *“■  Sh 
fcn  P  H  QJ 
*-•0X3 
X  U  W  S 

□•coo 
<r  x  co  pq 


■+■*  *+■> 

«h«n4J  +> 

11  ^  *M  +> 

C  CO  D  Cm  Ch 

H  N  00  03  cn 

C  V  O  03  -  ■  LD 

«  •  •  ■  ©  o  • 

«rH  O  O  rH  ^  Tt* 

H 

CO  tt  II  II  II  ||  II 
WO  0  3 
HI  Sh  fc,  W  rO  x 


AQTESOLU 


Colwjks  OTB,  Mississippi _ project;  72S691.32058 

Hell  70  Falling  Head  Test  Z 


i-i 

cy 
-■  <c 

i-i  ■  p- 

w  csj  cn 

Mm  \ 
Tfi  P- 

<r  css  o 

HO  \ 
<Z  P-  fO 
0  3  0 


h4 
W 
« 

O 

E  OJ 
S= 

PC  -M 
W  Cm 

Cm  C 
M  O 
3  U 
(3  5= 
<E  3 


O 

a 


w  aj 

2=  u 

•l«H 

Z  K 

a  i 

M-l  U 

i-t  id 

3  3 
h4  S 

a  o 

CO  CQ 


Cm  Cm  V  4-> 

■■  Cm  4->  +>  Cm 

O  (S3  ITO  Cm  Cm 
Hh  p-  00  03  00 

<r  cn  o  vn  ■  •  -th 
«■•■©©■ 
OOOHTTU1 

1m 

CO  II  II  II  II  I!  II 

WO  (J  3 
HI  Sh 


CO 

w 

iM  C= 


© 

z 

HH 

H 

CO 

W 

w 

w 

H 

w 

z 

© 

<E 

Ph 


e 

\ 

4-> 

Cm  'P 
Cm 
tH 

00  T-l 

©  <H 
O  'H 

II  II 

O 
W  3 


O 


00 


03 


(S3 


CO 

© 


o 


w 


w 

u 


<r 

o 

o 

w 


(1J)  q.U3U33PldST(J 


J= 

£ 


ID 

£ 


mosaiDy 


AQTESOLU 


Columbus  OTBi  Mississippi _ project:  729681,32850 

Well  70  Falling  Head  Test  1 
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Columbus  OTB,  Mississippi _ project:  7Z3691.32050 
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APPENDIX  B 

SOIL  AND  GROUNDWATER  ANALYTICAL  RESULTS 
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Evergreen 
^  Analytical 
Laboratory 


CASE  NARRATIVE 


Evergreen  Analytical  Laboratory  (EAL)  Projects:  96-3990,  96-3996,  96-4004,  96-4020, 

96-4033,  96-4047,  96-4058,  96^1064  and  96-4081  ’ 

Parsons  Engineering  Science,  Inc.  (PES)  Project:  Columbus  AFB 

729691.32010 


Sample  Receipt 

Soil  and  groundwater  samples  were  received  between  November  9  and  19,  1996  from  Columbus 
AFB  for  analysis  under  Subcontract  729691.00000.  Refer  to  the  check-in  portion  of  the  EAL 
Chain  of  Custody  for  specific  information  regarding  the  condition  of  samples  upon  receipt. 
Refer  to  the  EAL  Work  Order  Summary  for  log-in  information  and  cross-reference  of  EAL  and 
PES  sample  identifications. 


Data  Package 

All  data  are  reported  in  one  comprehensive  package  that  is  segregated  based  upon  EAL  project 
number.  Each  EAL  project  represents  a  group  of  samples  received  on  a  given  day.  The  EAL 
Work  Order  Summary  lists  the  samples  represented  in  each  EAL  project. 

A  separate  invoice  for  each  EAL  project  number  will  be  generated. 

Quality  assurance  data  may  overlap  from  one  EAL  project  to  another.  All  required  matrix 
spike/matrix  spike  duplicate  (MS/MSD)  and  laboratory  control  samples  (LCS)  were  analyzed 
when  required  and  also  are  included  in  the  data  package. 


BTEX,  Method  SW8020/Total  Volatile  Petroleum  Hydrocarbons  TVPH.  Method  SW8015M 
All  samples  were  analyzed  for  BTEX/TVPH  within  holding  time. 


Several  samples  were  analyzed  at  dilutions  ranging  from  a  dilution  factor  of  5  to  200  due  to 
elevated  levels  of  contaminants.  The  reporting  limits  have  been  raised  accordingly. 


Evergreen  Analytical,  Inc.  4036  Youngfield  St.  Wheat  Ridge,  CO  80033-3862  (303)  425-6021  FAX  (303)  425-6854 


Case  Narrative 

Parsons  Engineering  Science,  Inc. 
Page  Three 


Total  Organic  Carbon  in  Soil 

Total  Organic  Carbon  (TOC)  in  soils  was  analyzed  by  Huffman  Laboratories  of  Golden 
Colorado.  TOC  was  determined  by  analyzing  for  total  carbon  (TC)  and  inorganic  (carbonate) 
carbon  (CC),  then  calculating  the  difference  as  TOC.  The  reports  from  Huffman  are  included. 


Disk  Deliverables 

The  disk  deliverables  are  included  with  the  hard  copy  data  package.  MS/MSD  and  LCS  results 
are  not  included  on  the  disk.  Please  note  that  blank  spaces  in  the  laboratory  detection  limit 
and/or  practical  quantitation  limit  (PQL)  column  indicate  that  there  is  no  detection  limit  or  PQL 
for  that  analyte. 

Reporting  limits  have  been  adjusted  to  reflect  percent  moisture  in  all  soil  samples  or  increases 
due  to  dilutions. 

A  hard  copy  of  each  spreadsheet  from  the  diskette  is  included.  The  name  for  each  spreadsheet 
is  located  in  the  top  left  comer  on  the  first  page  of  each  printout. 


Patricia  A.  McClellan,  Program  Manager 
12/6/96 
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EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 


:  MB3111296  Client  Project  Number 

:  11/12/96  Lab  Project  Number 

•  1  -0  Matrix 

Lab  File  Number 


729691.32010 

96-3990 

Water 

TVB31 1 1 1025 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

.... 

11/12/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/12/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/1 2/96 

U 

.0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/12/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/12/96 

U 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1 330-20-7 

11/1 2/96 

U 

0.4 

ug/L 

1,3,5-Trimethylbenzene 

108-67-8 

11/12/96 

U 

0.4 

ug/L 

1,2,4-Trimethylbenzene 

95-63-6 

11/12/96 

U 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/12/96 

U 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/12/96 

U 

6.5 

ug/L 

||FiD  Surrogate  Recovery:  97%  ~~  - - 

70%-130% 

surrogate  Recovery:  100%  70%-l  1  (Ti^g 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 


TVH  =  Total  Volatile  Hydrocarbons. 


~y  Analyst 


Approved 


TVBX3990.XLS;  11/15/96;  1 


Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 


MB3111396 

Client  Project  Number 

:  729691.32010 

11/13/96 

Lab  Project  Number 

:  96-3990 

1.0 

Matrix 

Lab  File  Number 

:  WATER 

:  TVB31 1 11055 

Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/13/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/13/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/13/96 

U 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/13/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/13/96 

u 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/13/96 

u 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/13/96 

u 

0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/13/96 

u 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/13/96 

u 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/13/96 

u 

0.5 

ug/L 

^■Surrogate  Recovery:  97o/0  70%-130% 

(Limits) 

^Ou.iuydlellecuveiy.  98o/o  70%-123%  (Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected, 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

=  Total  Volatile  Hydrocarbons. 


but  is  below  the  Reporting  Limit. 


Analyst 


Approved 


TV8X3990.XLS;  11/18/96;  9 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPC1 1 0'-l  2'} 
96-3990-01 
11/8/96 
11/9/96 
11/12/96 
1.0 
1.0 


Client  Project  Number 
Lab  Project  Number 
Matrix 

Lab  File  Number(s) 
Method  Blank 
Soil  Extracted? 

Soil  Moisture 


729691.32010 

96-3990 

Soil 

TVB31 111  037 

MB3111296 

NO 

8.10% 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample* 

Concentration 

RL* 

Units 

TVH-Gasoline 

— 

NA 

NA 

NA 

NA 

Benzene 

71-43-2 

11/12/96 

U 

0.4 

uo/ka 

Toluene 

108-88-3 

11/1 2/96 

U 

0.4 

uq/ka 

Chlorobenzene 

108-90-7 

11/12/96 

U 

0.4 

ua/ka 

Ethyl  Benzene  ~ 

100-41-4 

11/12/96 

U 

0.4 

ua/ka 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/1 2/96 

U 

0.4 

uq/ka 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/12/96 

0.7 

0.4 

ua/ka 

1 ,2,4-Trimethylbenzene 

95-63-6  "  j 

11/12/96 

U 

0.4 

ua/ka 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/12/96 

2^5  j 

0.4 

’'y 

ua/ka 

1 ,2,3,4-Tetramethylbenzene 

488-23-3  1 

11/12/96 

20 

0.5 

Myf 

FID  Surrogate  Recovery: 

NA 

50%-125% 

W: 

[L.IDounuyale  Recovery: -  91%  50%-115%  (Limits! 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments:  *  =  Dry  Basis 


QUALIFIERS  and  DEFINITIONS- 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected, 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


but  is  below  the  Reporting  Limit. 


Analyst 


Approved 


TVBX3990.XLS;  11/18/96;  2 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods 


602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPD(10’-1 2') 
96-3990-04 
11/7/96 
11/9/96 
11/12/96 
1.0 
1.0 


Client  Project  Number 
Lab  Project  Number 
Matrix 

Lab  File  Number(s) 
Method  Blank 
Soil  Extracted? 

Soil  Moisture 


729691.32010 

96-3990 

Soil 

TVB31 1 1 1040 
MB31 11296 
NO 

10.10% 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample* 

Concentration 

RL* 

Units 

TVH-Gasoline 

— 

NA 

NA 

NA 

NA 

Benzene 

71-43-2 

11/1 2/96 

U 

0.4 

ug/kg 

Toluene 

108-88-3 

11/12/96 

U 

0.4 

ug/kg 

Chlorobenzene 

108-90-7 

11/12/96 

u 

0.4 

ug/kg 

Ethyl  Benzene 

100-41-4 

11/12/96 

u 

0.4 

ug/kg 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/12/96 

u 

0.4 

ug/kg 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/12/96 

u 

0.4 

ug/kg 

1 ,2,4-Trimethy!benzene 

95-63-6 

11/12/96 

u 

0.4 

ug/kg 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/12/96 

u 

0.4 

ug/kg 

^2,3,4-Tetramethylbenzene 

488-23-3 

11/12/96 

u 

0.6 

ug/kg 

!u - =_ - 

W* LJ  bunoyate  Heuovery:  NA 

50%-1 25% 

(Limits) 

surrogate  necovery:  88o/0  50%-115%  (Omits)' 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments:  *  =  Dry  Basis 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

=  Flame  ionization  detector, 
rt  =  Total  Volatile  Hydrocarbons. 


but  is  below  the  Reporting  Limit. 


Approved 


TVBX3990.XLS;  11/15/96;  3 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


W68 

96-3990-05 
11/8/96 
1 1  /9/96 
11/12/96 
1.0 
1.0 


Client  Project  Number 
Lab  Project  Number 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-3990 

Water 


TVB31 1 1 1041 
MB3111296 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

.... 

11/12/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/12/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/12/96 

U 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/1 2/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/12/96 

U 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1 330-20-7 

11/12/96 

U 

0.4 

ug/L 

1 ,3, 5-Trimethyl  benzene 

108-67-8 

11/12/96 

U 

0.4 

ug/L 

1,2,4-Trimethylbenzene 

95-63-6 

11/12/96 

U 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/12/96 

U 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/12/96 

U 

0.5 

FID  Surrogate  Recovery:  91<>/0  70%-130% 

|[nu  surrogate  Kecovery:  94o/0  70%-123%  (Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected, 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


but  is  below  the  Reporting  Limit. 


Approved 


TVBX3990.XLS;  11/15/96:4 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfieid  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


W73 

96-3990-06 

11/8/96 

11/9/96 

11/12/96 

1.0 

1.0 


Client  Project  Number 
Lab  Project  Number 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-3990 

Water 

TVB31 1 1 1042 
MB31 11296 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzene 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


2,3,4-Tetramethylbenzene 


Surrogate  Recovery: 
PID  Surrogate  Recovery: 


Cas  Number 


71-43-2 


108-88-3 


108-90-7 


100-41-4 


1 330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Analysis 

Date 


11/1 2/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/1 2/96 


102% 
97% 


Sample 

Concentration 


0.3 


70%-1 30%  (Limits) 
70%-123%  (Limits) 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


E  =*  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

■jD  =  Flame  ionization  detector. 

^■H  =  Total  Volatile  Hydrocarbons. 


Analyst 


////  -  s~e 


Approved 


TVBX3990.XLS;  11/15/96;  5 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified 


Data  Report 


Client  Sample  Number  :  W74 

Lab  Sample  Number  :  96-3990-07 

Date  Sampled  :  11/8/96 

Date  Received  :  1 1  /9/96 

Date  Prepared  :  1 1/12/96 

FID  Dilution  Factor  :  1 .0 

PID  Dilution  Factor  :  1.0 


Client  Project  Number  :  729691.32010 

Lab  Project  Number  :  96-3990 

Matrix  ;  Water 

Lab  File  Number(s)  :  TVB31 1 1 1 043 

Method  Blank  :  MB3111296 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/12/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/12/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/12/96 

U 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/12/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/12/96 

U 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/12/96 

U 

0.4 

ug/L 

1,3,5-Trimethylbenzene 

108-67-8 

11/12/96 

U 

0.4 

ug/L 

1  /2,4-Trimethylbenzene 

95-63-6 

11/12/96 

U 

6.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/12/96 

u 

6.4 

ua/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/12/96 

u 

0.5 

FID  Surrogate  Recovery: 

100% 

70%-130% 

PID  Surrogate  Recovery: 

95% 

70%-1 23% 

(Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS; 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 


TVH  =  Total  Volatile  Hydrocarbons. 


T 


Analyst 


Approved 


TVBX3990.XLS;  1 1/15/96;  6 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
^  (303)  425-6021 

^  Methods  602/8020  and  5030/8015  Modified  Data  Report 

Client  Sample  Number  :  W72  Client  Project  Number  :  729691.32010 

Lab  Sample  Number  :  96-3990-08  Lab  Project  Number  :  96-3990 

Date  Sampled  :  11/8/96  Matrix  :  Water 

Date  Received  :  11/9/96  Lab  File  Number(s)  :  TVB31111044 

Date  Prepared  :  11/12/96  Method  Blank  :  MB3111296 

FID  Dilution  Factor  :  1.0 

PID  Dilution  Factor  :  1 .0 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzene 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethyl  benzene 


2,3,4-Tetramethylbenzene 


D  Surrogate  Recovery: 

PID  Surrogate  Recovery: _ 


Cas  Number 


71-43-2 


108-88-3 


108-90-7 


100-41-4 


1330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Analysis 

Date 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/12/96 


11/1 2/96 


Sample 

Concentration 


0.2 


70%-1 30% 
70%-1 23% 


(Limits) 

(Limits) 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 


TVBX3990.XLS;  11/15/96;  7 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
1303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 

Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


Trip  Blank 

96-3990-09 

NA 

11/9/96 

11/12/96 

1.0 

1.0 


Client  Project  Number 
Lab  Project  Number 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-3990 

Water 

TVB31 1 1 1035 
MB3111296 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— - 

11/12/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/12/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/12/96 

U 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/12/96 

U 

0.4 

uq/L 

Ethyl  Benzene 

100-41-4 

11/1 2/96 

U 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1 330-20-7 

11/12/96 

U 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8  ] 

11/12/96 

U 

0.4 

ug/L  1 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/12/96 

U 

0.4 

ug/L  i 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/12/96 

u 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3  ~  < 

11/12/96 

u 

0.5 

□jjfc 

nu  surrogate  recovery:  qRo/n  .  . 1 

70%-130% 

tinu  surrogate  recovery: -  99% - 7o%^23%  ILimitsl  1 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS; 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 


FID  =  Flame  ionization  detector. 
TVH  =  Total  Volatile  Hydrocarbons. 


Approved 


TVBX3990.XLS;  11/18/96;  8 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


EPA  602/8020  Matrix  Spike/Matrix  Spike  Duplicate  Data  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Instrument  Name 


ST24-MPC(1 0'-l  2') 
96-3990-01 
11/8/96 
11/9/96 

11/13/96 _ 

11/13/96 _ 

TVHBTEX3 


Client  Project  No. 
Lab  Work  Order 
EPA  Method  No. 
Matrix 

Lab  File  Number(s) 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3990 _ 

602/8020 _ 

Soil _ 

TVB311 11056,58 
MB3111396 
1.0 


Benzene 


Toluene 


Chlorobenzene 


Ethylbenzene 


m,p-Xylene 


o-Xylene 


1,3,5-TMB 


1,2,4-TMB 


1 ,2,3-TMB 


1,2,3,4-TeMB 


Surrogate 


'  =  Values  outside  of  QC  limits. 


RPD: 

Spike  Recovery: 


out  of  (10)  outside  limits, 
out  of  (20)  outside  limits. 


Comments: 


MSBTMB3;MSB3990S.XIS;  11/18/96 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


EPA  602/8020  Matrix 


Spike/Matrix  Spike  Duplicate  Data  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Instrument  Name 


W74 

96-3990-07 

11/8/96 

11/9/96 

11/13/96 

11/13/96 

TVHBTEX3 


Client  Project  No. 
Lab  Work  Order 
EPA  Method  No. 
Matrix 

Lab  File  Number(s) 
Method  Blank 
Dilution  Factor 


729691,32010 

96-3990 

602/8020 _ 

Water _ 

TVB31 11 1059,60 
MB3111396 
1.0 


Compound 

Spike 

Added 

(ug/L) 

Sample 

Concentration 

(ug/L) 

1 

Concentration 

(ug/L) 

Comments 

I  MS 

MSD 

Benzene 

20.0 

0.0 

20.0 

19.7 

Toluene 

20.0 

0.0 

19.8 

19.6 

Chlorobenzene 

20.0 

0.0 

20.0 

19.7 

Ethylbenzene 

20.0 

0.0 

19.9 

19.7 

m,p-Xylene 

20.0 

0.0 

19.4 

19.2 

o-Xylene 

20.0 

0.0 

19.6 

19.4 

1 ,3,5-TMB 

20.0 

0.0 

20.4 

20.0 

1 ,2,4-TMB 

20.0 

0.0 

20.0 

19.5 

1 ,2,3-TMB 

20.0 

0.0 

19.9 

19.4 

1,2,3,4-TeMB 

20.0 

0.0 

20.1 

19.0 

Surrogate 

100.0 

95% 

93% 

92% 

Compound 

MS 

% 

RECOVERY 

i 

MSD 

% 

RECOVERY 

1 

RPD 

QC  W 
Limits  |[ 

RPD 

%REC  1 

Benzene 

100.0 

98.5 

1.5 

■ 

25 

39 

- 

150 

Toluene 

99.0 

98.0 

1.0 

25 

46 

- 

148 

Chlorobenzene 

100.0 

98.5 

1.5 

25 

55 

- 

135 

Ethylbenzene 

99.5 

98.5 

1.0 

25 

32 

- 

160 

m,p-Xylene 

97.0 

96.0 

1.0 

25 

25 

- 

150 

o-Xylene 

98.0 

97.0 

1.0 

25 

25 

- 

150 

1 ,3,5-TMB 

102.0 

100.0 

2.0 

25 

25 

- 

150 

1 ,2,4-TMB 

100.0 

97.5 

2.5 

25 

25 

- 

150 

1 ,2,3-TMB 

99.5 

97.0 

2.5 

25 

25 

- 

150 

1,2,3,4-TeMB 

100.5 

95.0 

5.6 

25 

25 

_ 

150 

Surrogate 

93.0 

92.0 

NA 

NA 

70 

- 

130 

*  =  Values  outside  of  QC  limits. 

RPD:  0  out  of  (10)  outside  limits. 

Spike  Recovery:  0  out  of  (20)  outside  limits. 


Comments: 


MS8TMB3;  MSB3990W.XLS;  11/18/96 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 

TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
TVH  Matrix  Spike/Matrix  Spike  Duplicate  Data  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Instrument  Name 


Spike 

Sample 

MS 

QC  {#) 

Compound 

Added 

Concentration 

Concentration 

MS 

Limits 

(mg/L) 

(mg/L) 

(mg/L) 

%REC 

%REC 

Gasoline 

2.00 

0.00 

1.66 

83.0% 

55  -  1 28 

Surrogate  ** 

— 

— 

— 

87% 

70  -  130 

t 

Compound 

Spike 

Added 

(mg/L) 

MSD 

Concentration 

(mg/L) 

MSD 

%REC 

RPD 

QC 

Limits 

RPD 

%REC 

Gasoline 

2.00 

1.65 

82.5% 

0.6 

50 

50  -  1 50 

Surrogate  ** 

— 

— 

89% 

NA 

NA 

70  -  130 

RPD:  0  out  of  (1)  outside  limits. 

Spike  Recovery:  0  out  of  (2)  outside  limits. 


W74 


96-3990-07 


11/8/96 


11/9/96 


11/1 2/96 


11/1 2/96 


TVHBTEX3 


Client  Project  No. 
Lab  Work  Order 
EPA  Method  No. 
Matrix 

Lab  File  Number(s) 
Method  Blank 
Dilution  Factor 


729691.32010 


96-3990 


5030/8015  Modified 


Water 


TVB31 11 1045,46 


MB3111296 


1.0 


Notes: 

NA  =  Not  analyzed/not  applicable. 
*  =  Values  outside  of  QC  limits. 
**  =  1,2,4-Trichlorobenzene 


Comments: 


Analyst 


MSTVHWS3;MSTV3990.XLS;  11/18/96 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m,p-Xylene 

o-Xylene 

MTBE 

1 ,3,5-Trimethylbenzene 

1 .2.4- Trimethylbenzene 
1 « 2, 3-Trim  ethyl  benzene 

1 .2.3.4- Tetramethvlbenzene 
Surrogate  Recovery: 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

:  LCS3 111 396-BTEX 
:  Tl/1 3/96  ’ 

:  11/13/96 


:  20.0 


Cas 

Number 
71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-04-4 

108-67-8 

95-63-6 

526-73-8 

488-23-3 


LCS  - 

Concentration 
(ug/L) 
19.1 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 

LCS 

% 

Recovery 


18.9 

17.6 

19.0 

37.4 

18.9 

20.0 

19.5 

17.9 

21.9 


95.5 

94.5 
88.0 
95.0 

93.5 

94.5 

100.0 

97.5 

89.5 

109.5 

95.5 


NOTES: 


m,p-xylene  = 


QUALIFIERS: 

U  :^rP0,"edVa,IUe-  Va,ue  exceeds  that  of  the  calibration  range 

U  -  Compound  analyzed  for,  but  not  detected. 

Na' “mP,e-  C°mpare  W°"k  -  samP*e  —U 


1.00 


602/8020 


Water 


TVB31111Q54 


QC  Limit 
%  Recovery 


50-  150 

50  -  150 

50-  150 

50-  150 

50-  150 

50-  1 

50  -  150 

50-  150 

50-  150 

50  -  150 

50-  150 
70-  130 


Approved 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfietd  St. 
Wheat  Ridge,  CO  80033 
_  (303)  425*6021 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 


LCS  Number 

OptA  Cyf /Pronerori 

:  LCS31 1 1496-BTEX 
:  11/14/96 

Dilution  Factor 

:  1.00 

L/aic  cau  ducu/r i  epareu 

Date  Analyzed 

Spike  Amount  (ug/L) 

Compound  Name 

Method 

:  602/8020 

:  11/14/96 

Matrix 

:  Water 

:  20.0 

Cas 

Number 

LCS  ' 
Concentration 
(ug/L) 

Lab  File  No. 

LCS 

% 

Recovery 

:  TVB31 1 11086 

QC  Limit 
%  Recovery 

Benzene 

71-43-2 

18.8 

94.0 

50  -  1 50  ™ 

Toluene 

108-88-3 

18.5 

92.5 

50  -  150 

Chlorobenzene 

108-90-7 

17.5 

87.5 

50-  150 

Ethyl  Benzene 

100-41-4 

18.8 

94.0 

50-  150 

m,p-Xytene 

108-38-3 

106-42-3 

40.0 

100.0 

50-  150 

95-47-6 

18.8 

94.0 

50-  150 

MTBE 

1634-04-4 

20.2 

101.0 

50-  150 

1 ,3,5-Trimethylbenzene 

108-67-8 

19.6 

98.0 

50  -  150 

1 ,2,4-Trimethylbenzene 

95-63-6 

18.0 

90.0 

50  -  150 

1 ,2,3-Trimethylbenzene 

526-73-8 

21.9 

109.5 

50  -  150 

1 ,2,3,4-TetramethyIbenzene 

488-23-3 

19.9 

99.5 

50  -  150 

Surrogate  Recovery: 

99% 

70  -  130 

m,p-xylene  =  40.0  ppb  spike. 


QUALIFIERS: 

E  *=  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B^^ompound  found  in  blank  and  sample.  Compare  blank  and  sample  data. 
available/Not  analyzed. 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 

Method  601/8010  Chlorinated  VOC’s  Method  Blank  Report 

Method  Blank  :  RB111896  Client  Project  No.  :  729691.32010 

Date  Prepared  :  11/18/96  Lab  Project  No.  :  96-3990 

Date  Analyzed  :  11/18/96  Lab  File  No.  :  HALL1 1 18\012F0101 


Compound _ 

Vinyl  Chloride 
Chloroethane 
1 , 1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 . 1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1.1.1  -Trichloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- T  etrachloroethane 
Chlorobenzene 

1.1.2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  (ug/L) 
U  “ 

U 
U 
U 

_ U _ 

U 

U 

U 

U 

_ U _ _ 

U 

U 

U 

U 

U 

-  - 

U 

U 

U 


RL(uq/L) 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.42 

0.54 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  88%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  «  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  In  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  «=  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


Method  Blank 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield,  Wheat  Ridge.  CO  80033 
1303)  425-6021 

Method  8010  Chlorinated  VOC’s  Method  Blank  Report 

RB1 12096  Client  Project  No.  :  729691.32010 

11/20/96  Lab  Project  No.  :  96-3990 

11/20/96  Lab  File  No.  :  HALL1 120\004F0101 


Compound 

CAS# 

Concentration  (ug/L) 

RL(ug/L) 

Vinyl  Chloride 

75-01-4 

U 

0.4 

Chloroethane 

75-00-3 

U 

0.4 

1 , 1  -Dichloroethene 

75-35-4 

U 

0.4 

Dichloromethane 

75-09-2 

U 

0.4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1,1-Dichloroethane 

75-34-3 

U 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0.4 

1 , 1 , 1  -T richloroethane 

71-55-6 

U 

0.4 

Carbon  Tetrachloride 

56-23-5 

U 

0.4 

Trichloroethene 

79-01-6 

U 

0.4 

1 , 1 ,2-T richloroethane 

79-00-5 

u 

0.4 

T etrachloroethene 

127-18-4 

u 

0.4 

1 ,1,1 ,2-Tetrachloroethane 

79-00-5 

u 

0.4 

Chlorobenzene 

108-90-7 

u 

0.42 

1 ,1 ,2,2-Tetrachloroethane 

79-34-5 

u 

0.54 

■kChiorotoluene 

95-49-8 

u 

0.4 

Bchlorotoluene 

106-49-8 

u 

0.4 

^,3-Dichlorobenzene 

541-73-1 

u 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

u 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  88%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 

Method  601/8010  Chlorinated  VOC'*  Sample  Report 


Client  Sample  No.  : 

Lab  Sample  No.  : 

Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed  : 

Percent  Moisture  : 

Compound _ 

Vinyl  Chloride 
Chloroethane 

1.1- Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1.1- Dichloroethane 
cis-1 ,2-Dichloroethene 

1.1.1- Trichloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
Tetrachloroethene 

1 .1 .1 .2- Tetrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


ST24-MPC(  1 O'-l  2’) 
96-3990-01 
11/08/96 
11/09/96 
11/20/96 
11/20/96 
8.1 

CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 

_ 156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

_ 79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

_ 79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3990 

Soil 

HALL1 120\005F0101 
RB1 12096 
1.1 


Concentration(ug/Kg) 

U 

U 

U 

U 

U 


U 

U 

U 

U 

_ U _ 

u 

u 

u 

u 

_ u _ 

u 

u 

u 

u 


RL(ug/Kg) 

0.43 

0.43 

0.43 

0.43 


70%  -  130%  (QC  limits) 


QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


HLW3990.XLS;  11/25/96 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No.  : 

Lab  Sample  No.  : 

Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed  : 

Percent  Moisture  : 

Compound _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 


1,1-Dichloroethane 
cis-1 ,2-Dichloroethene 
1,1,1  -Trichloroethane 
Carbon  Tetrachloride 
Trichloroethene _ 


1 .1 .2- Trichloroethane 
T  etrachloroethene 

1.1.1 .2- Tetrachloroethane 
Chlorobenzene 

it.1 .2.2-Tetrachloroethane 


Chlorotoluene 
Chlorotoluene 
1 ,3-Dichlorobenzene 
1 ,2-Dichlorobenzene 


ST24-MPF(1 6-1 8') 
96-3990-03 
11/07/96 
11/11/96 
11/20/96 
11/20/96 
10.6 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3990 

Soil 

HALL1 1 20\009F01 01 
RB1 12096 
1.1 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 


75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 


79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 


95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration(ug/Kg) 

U 

U 

U 

U 

U 


U 

U 

U 

U 

U 


U 

U 

U 

U 

U 


U 

U 

U 

U 


RL(ug/Kg) 

0.45 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) 

QUALIFIERS: 

U  «*  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 

NOTES: 


130%  (QC  limits) 


HLW3990.XLS;  11/25/96 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield.  Wheat  Ridge.  CO  80033 
(303)  425-6021 


r  i 


Method  601/8010  Chlorinated  VOC’s  Sample  Report 


k  .A 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Percent  Moisture 


ST24-MPDI1 0-1 2') 

96-3990-04 

11/07/96 

11/11/96 

11/20/96 

11/20/96 

10.1 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3990 

Soil 

HALL1 120\010F0101 
RB1 12096 
1.1 


Compound _ 

Vinyl  Chloride 
Chloroethane 

1.1- Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1.1- Dichloroethane 

cis-1 ,2-Dichloroethene 
1 , 1 ,1  -Trichloroethane 
Carbon  Tetrachloride 
Trichloroethene _ 

1 . 1 .2- Trichloroethane 
T etrachloroethene 

1.1.1. 2- T etrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration(ug/Kg) 

U 

U 

U 

U 

U 


U 

U 

U 

U 

U 

U 

U 

U 

u 

u 

u 

u 

u 

u 


RL(ug/ 
( 
< 
( 
( 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  88%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  «  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  *=  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  *=  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield.  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC’s  Sample  Report 


W68 

96-3990-05 

11/08/96 

11/11/96 

11/18/96 

11/18/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3990 

WATER 

HALL1 1 18\013F0101 
RB1 11 896 
1.0 


Compound 

CAS  # 

Concentration  (ug/L) 

RL  (ug/L) 

Vinyl  Chloride 

75-01-4 

U 

0.4 

Chloroethane 

75-00-3 

U 

0.4 

1 , 1  -Dichloroethene 

75-35-4 

U 

0.4 

Dichloromethane 

75-09-2 

U 

0.4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1 , 1  -Dichloroethane 

75-34-3 

U 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0.4 

1 ,1 ,1  -Trichloroethane 

71-55-6 

U 

0  4 

Carbon  Tetrachloride 

56-23-5 

U 

0.4 

Trichloroethene 

79-01-6 

U 

0.4 

1 ,1 ,2-Trichloroethane 

79-00-5 

U 

0  4 

T etrachloroethene 

127-18-4 

U 

0.4 

1,1,1 ,2-TetrachIoroethane 

79-00-5 

U 

0  4 

Chlorobenzene 

108-90-7 

U 

0.42 

J ,  1 ,2,2-Tetrachloroethane 

79-34-5 

U 

0.54 

k-Chlorotoluene 

95-49-8 

U 

0.4 

*-Chlorotoluene 

106-49-8 

U 

0.4 

1 ,3-Dichlorobenzene 

541-73-1 

U 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

U 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  89%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


evergreen  ANALYTICAL,  INC. 

4036  Youngfleld,  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


W73 

96-3990-06 

11/08/96 

11/09/96 

11/18/96 

11/18/96 


Compound _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 . 1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1 . 1 . 1  -T richloroethane 
Carbon  Tetrachloride 

Trichloroethene _ 

1/1  /2-Trichloroethane 
Tetrachloroethene 

1.1.1 .2- Tetrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3990 

WATER 

HALL1118\01  >10 

RB1 11 896 

1.0 


CAS# 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
1 56-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

U 

U 

U 

U 

_ U _ 

U 

U 

U 

U 

_ u _ 

u 

u 

u 

u 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 


Surrogate  Recovery  ( 1  -Chloro-2-Fluoro-Benzene) 


70%  -  130%  (QC  limits) 


QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 

NOTES: 


Approved 


HLW3990.XLS;  11/25/96 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


W74 

96-3990-07 

11/08/96 

11/09/96 

11/18/96 

11/18/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3990 

WATER 

HALL1 1 18\015F0101 
RBI 11 896 
1.0 


Compound _ _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 .1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1 . 1 . 1  -T  richloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
Tetrachloroethene 

1 .1 .1 .2- Tetrachloroethane 
Chlorobenzene 

1.1 .2.2- Tetrachloroethane 

J.-Chlorotoluene  ’ 

4-ChIorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

U 

U 

U 

U 

U 

U 

U 

U 

U 

_ u _ 

u 

u 

u 

u 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 
0.54 
0.4 
0.4 
0.4 
0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  85%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated 


VOC's  Sample  Report 


W72 

96-3990-08 

11/08/96 

11/11/96 

11/18/96 

11/18/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3990 

WATER 

HALL1 1 1 8\01 9F01 01 
RB1 11 896 
1.0 


Compound 

CAS  # 

Concentration  (ug/L) 

RL  (ug/L) 

Vinyl  Chloride 

75-01-4 

U 

0.4 

Chloroethane 

75-00-3 

U 

0.4 

1,1-Dichloroethene 

75-35-4 

U 

0.4 

Dichloromethane 

75-09-2 

U 

0.4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1,1-Dichloroethane 

75-34-3 

U 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0.4 

1,1 ,1-Trichloroethane 

71-55-6 

U 

0.4 

Carbon  Tetrachloride 

56-23-5 

U 

0.4 

Trichloroethene 

79-01-6 

U 

0.4 

1 ,1 ,2-Trichloroethane 

79-00-5 

U 

0.4 

Tetrachloroethene 

127-18-4 

U 

0.4 

1 ,1 ,1 ,2-Tetrachloroethane 

79-00-5 

U 

0.4 

Chlorobenzene 

108-90-7 

U 

0.42 

1,1 ,2,2-Tetrachloroethane 

79-34-5 

U 

0.^1 

2-Chlorotoluene 

95-49-8 

U 

- m 

4-Chlorotoluene 

106-49-8 

U 

1 ,3-Dichlorobenzene 

541-73-1 

U 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

U 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  88%  70%  -  1 30%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  **  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


Client  Sample  No. 
Lab  Sample  No. 
Oate  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield.  Wheat  Ridge.  CO  80033 
(303)  425-6021 

Method  601/8010  Chlorinated  VOC's  Sample  Report 

Trip  Blank 
96-3990-09 
NA 

11/09/96 
11/18/96 
11/18/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3990 

WATER 

HALL1 1 1 8\020F01 01 
RB1 11 896 
1.0 


Compound 

CAS# 

Concentration  (ug/L) 

RL  (ug/L) 

Vinyl  Chloride 

75-01-4 

U 

0.4 

Chtoroethane 

75-00-3 

U 

0.4 

1 , 1  -Dichloroethene 

75-35-4 

U 

0.4 

Dichloromethane 

75-09-2 

U 

0.4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1,1-Dichloroethane 

75-34-3 

U 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0.4 

1 ,1 ,1  -Trichloroethane 

71-55-6 

U 

0.4 

Carbon  Tetrachloride 

56-23-5 

U 

0.4 

Trichloroethene 

79-01-6 

U 

0.4 

1 , 1 ,2-Trichloroethane 

79-00-5 

U 

0.4 

Tetrachloroethene 

127-18-4 

U 

0.4 

1,1,1 ,2-T etrachloroethane 

79-00-5 

U 

0.4 

Chlorobenzene 

108-90-7 

U 

0.42 

|3 ,1 ,2,2-Tetrachloroethane 

79-34-5 

U 

0.54 

K-Chlorotoluene 

95-49-8 

U 

0.4 

4-Chlorotoluene 

106-49-8 

U 

0.4 

1 ,3-Dichlorobenzene 

541-73-1 

U 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

U 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  78%  70%  - 1 30%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  m  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


Method  8010  Quality  Control  Samples 
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Corrective  Actions: _ 

Unacceptable  sample  spike  recovery  requires  acceptable  control  spike  recovery.  If  both  recoveries  are  outside  limits,  corrective  action 
must  be  *  jj^^One  recovery  outside  limits  and  the  other  acceptable,  Is  a  Repeated  failure  requires  corrective  action. 

Recovi  ^^Hide  guidelines  should  be  compared  to  historical  data  avallai  ^^Htermlne  if  corrective  action  Is  required. 


Method  8010  Qualityitontrol  Samples 
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Corrective  Actions: _ 

Unacceptable  sample  spike  recovery  requires  acceptable  control  spike  recovery.  If  both  recoveries  are  outside  limits,  corrective  action 
must  be  taken.  One  recovery  outside  limits  and  the  other  acceptable,  Is  a  warning.  Repeated  failure  requires  corrective  action. 
Recoveries  outside  guidelines  should  be  compared  to  historical  data  available  to  determine  if  corrective  action  Is  required. 


Method  Blank  Number 
Date  Extracted/Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methane  Report  Form 
Method  Blank  Report 

GB1 1 1 496  Client  Project  No. 

11/14/96  Lab  Work  Order 

1 1  /1 4/96  Dilution  Factor 

Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3990 

1.00 

RSKSOP-175M 

Water 

GAS11 14002 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ mg/L 


RL 

mg/L 


74-82-8 


U 


0.002 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


Approved 


AF3990.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methane  Report  Form 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


W68 

96-3990-05 

11/8/96 

11/9/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3990 

1.00 

RSKSOP-1 75M 
Water 

GAS11 1401 2 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ _ mg/L 


RL 

mg/L 


74-82-8 


U 


0.002 


erature 

Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


71  F 

Saturation 

Meth 

0 

0.5  ml 
43  ml 

Concentration 

Concentration 

Meth 

0 

4  ml 

in  Head  Space 

0  ug 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

iNot  Available/Not  Applicable. 


Analyst 


AF3990.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
1303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


W73 

96-3990-06 

11/8/96 

11/9/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3.990 

1.00 

RSK30P-175M 

Water 

GAS11 14013 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ mg/L 


RL 

mg/L 


74-82-8 


U 


0.002 


Temperature 
Amount  Injected 
Total  Volume  of  Sample 
Head  space  created  * 
Methane  Area 


Atomic  weight(Methane) 


71.1  F 

Saturation 

Meth 

0.5  ml 

Concentration 

43  ml 

Concentration 

Meth 

2.5  ml 

in  Head  Space 

0  ug 

16  g 

*  =  Could  not  displace  4mls  of  water  do  to  sample  matrix. 
Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


AF3990.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methane  Report  Form 


Client  Sample  Number  :  W74 

Lab  Sample  Number  :  96-3990-07 

Date  Sampled  :  11/8/96 

Date  Received  :  1 1  /9/96 

Date  Extracted/Prepared  :  11/14/96 

Date  Analyzed  :  11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3990 

1.00 

RSKSOP-175M 

Water 

GAS11 14014 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration  RL 

_ JUg/L _ _ _ mg/L 


74-82-8 


0.031 


0.002 


erature 

Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


H  -2  F  Saturation  Meth  _ 0.007351393 

_ 0-5  ml  Concentration  ™~ 

43  ml  Concentration  Meth  0.023197542 

_ 4  ml  in  Head  Space  —  ' 

170.953  ug  ~~ - — 


Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 


7 


Approved 


AF3990.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


W72 

96-3990-08 

11/8/96 

11/9/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3990 

1.00 

RSKSOP-175M 

Water 

GAS11 1401 5 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ _ mg/L 


RL 

mg/L 


74-82-8 


0.039 


0.002 


Temperature 
Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


71,6  F 

_ 0.5  ml 

_ 43  ml 

_ 4_ml 

218.514  ug 


Saturation  Meth 
Concentration 
Concentration  Meth 
in  Head  Space 


Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


Analyst 


AF3990.XLS 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 


(303)  425-6021 


RSKSOP-175M  Gas  Method 
Methane,  Ethane,  Ethene  LCS  Report  Form 


LCS  No. 

Date  Prepared 
Date  Analyzed 
E.A.  LCS  Source  No. 


LCS111496 

11/14/96 

11/14/96 

1719 


EPA  Method  No.  :  RSKSOP-175M 

Matrix  :  Water 

Method  Blank  :  GB111496 

Lab  File  No.  :  GAS1 114010 


Compound 

Spike 

Added 

(ug) 

Method  Blank 
Concentration 
(ug) 

LCS 

Concentration 

(ug) 

LCS 

%REC 

QC 

Limits 

%REC 

Methane  Gas 

500 

0 

370 

74 

64-90 

Ethene  Gas 

500 

1  0 

213 

43 

37-58 

Ethane  Gas 

500 

0 

321 

64 

53-83 

Spike  Recovery:  0  out  of  (3)  outside  limits. 


Note:  The  LCS  was  made  by  taking  the  sample  and  displacing  4ml  of  headspace  with  a  1  % 
methane,  ethane,  ethene  gas  and  shaking  the  VOA  for  5  minutes.  Then  injecting  50  ul  from  the 
headspace  into  the  GC  resulting  in  a  theoretical  concentration  of  500  ug. 


Notes 

*  =  Values  outside  of  QC  limits. 
NA  =  Not  analyzed/not  available. 


LCS1114.XLS;  11/15/96 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

:  11/08/96 
:  11/09/96 
:  11/09/96 
:  11/09/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-3990 

EPA  300.0 

0.25  mg/L 

Evergreen 
SamDle  ft 

Client 
SamDle  ID. 

Matrix 

Chloride  ma/L 

Dilution 

Factor 

96-3990-05 

W68 

Water 

4.6 

1 

96-3990-05 

Duplicate 

W68 

Duplicate 

Water 

4.6 

1 

96-3990-06 

W73 

Water 

2.8 

1 

96-3990-07 

W74 

Water 

2.0 

1 

96-3990-08 

W72 

Water 

4.0 

1 

Method  Blank  (11/09/96)  Water  <0.25 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled  :  1 1  /08/96 

Date  Received  :  1 1  /09/96 

Date  Prepared  :  11/09/96 

Date  Analyzed  :  1 1  /09/96 


Client  Project  ID.  :  729691.32010 

Lab  Project  Number  :  96-3990 

Method  :  EPA  300.0 

Detection  Limit  :  0.076  mg/L 


Evergreen 
SamDle  # 

Client 

SamDle  ID. 

Matrix 

Nitrite-N 

D) 

E 

Dilution 

Factor 

96-3990-05 

W68 

Water 

<0.076 

1 

96-3990-05 

Duplicate 

W68 

Duplicate 

Water 

<0.076 

1 

96-3990-06 

W73 

Water 

<0.076 

1 

96-3990-07 

W74 

Water 

<0.076 

1 

96-3990-08 

W72 

Water 

<0.076 

1 

Method  Blank 

(11/09/96) 

Water 

<0.076 

Quality  Assurance  * 

Spike  Amount 
(mg/L) 

SamDle  Result 
(mg/L) 

Spike  Result 
(mg/L) 

%  Recoverv 

96-3990-05 

W68 

Matrix  Spike  1 0.0 

<0.25 

9.8 

98 

96-3990-05 

W68 

Matrix  Spike  Dup  1 0.0 

<0.25 

9.6 

96 

MS/MSD  RPD 


*  =  Quality  assurance  results  reported  as  Nitrite  (N02). 


Approved 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

:  11/08/96 
:  11/09/96 
:  11/09/96 
:  11/09/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-3990 

EPA  300.0 
0.056  mg/L 

Evergreen 
Sample  # 

Client 
SamDle  ID. 

Matrix 

Nitrate-N  ma/l 

Dilution 

Factor 

96-3990-05 

W68 

Water 

2.1 

1 

96-3990-05 

Duplicate 

W68 

Duplicate 

Water 

2.1 

1 

96-3990-06 

W73 

Water 

1.1 

1 

96-3990-07 

W74 

Water 

1.0 

1 

96-3990-08 

W72 

Water 

0.12 

1 

Method  Blank  (11/09/96)  Water 


Quality  Assurance  * 


96-3990-05 

Soike  Amount 
(mg/L) 

W68 

SamDle  Result 
(mg/L) 

Spike  Result 
(mg/L) 

%  Recovery 

96-3990-05 

Matrix  Spike  10.0 

W68 

9.2 

19.3 

101 

Matrix  Spike  Dup  10.0 

9.2 

19.1 

99 

MS/MSD  RPD 


1.9 


=  Quality  assurance  results  reported  as  Nitrate  (N03). 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

:  11/08/96 
:  11/09/96 
:  11/09/96 
:  11/09/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-3990 

EPA  300.0 

0.25  mg/L 

Evergreen 
SamDle  # 

Client 
SamDle  ID. 

Matrix 

Sulfate  ma/L 

Dilution 

Factor 

96-3990-05 

W68 

Water 

1.7 

1 

96-3990-05 

Duplicate 

W68 

Duplicate 

Water 

1.7 

1 

96-3990-06 

W73 

Water 

2.2 

1 

96-3990-07 

W74 

Water 

1.3 

1 

96-3990-08 

W72 

Water 

.  2.4 

1 

Method  Blank  (11/09/96)  Water  <0.25 


Quality  Assurance 


Spike  Amount 
(mg/L) 

SamDle  Result 
(mg/L) 

Spike  Result 
(mg/L) 

%  Recoverv 

96-3990-05 

W68 

Matrix  Spike  10.0 

1.7 

10.9 

93 

96-3990-05 

W68 

Matrix  Spike  Dup  10.0 

1.7 

10.8  . 

91 

MS/MSD  RPD 


Analyst 


Approved 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Total  Recoverable  Petroleum  Hydrocarbons 


Date  Sampled 

:  11/7,8/96 

Client  Project  ID. 

729691-32010 

Date  Received 

:  11/8/96 

Lab  Project  Number 

96-3990 

Date  Prepared 

:  11/13/96 

Method 

EPA  418.1 

Date  Analyzed 

:  11/13/96 

Evergreen 
SamDle  # 

Client 

Sample  ID. 

Matrix 

TRPH 

96-3990-01 

ST24-MPC  (10'-12') 

Soil 

<3.6 

96-3990-02 

LF6-MPJ  (18*) 

Soil 

<3.9 

96-3990-03 

ST24-MPF  (16'-1 8') 

Soil 

<3.7 

96-3990-03 

ST24-MPF  (1 6’-1 8*) 

Soil 

<3.7 

Duplicate 

96-3990-04 

Duplicate 

ST24-MPD  (10'-1 2') 

Soil 

<3.7 

Method  Blank  (11/13/96)  subtracted  3.4 

Results  reported  on  a  dry  weight  basis. 


Units 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 


mg/Kg 


Analyst 


Approved 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Total  Organic  Carbon 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

:  11/8/96 
:  11/9/96 
:  11/11/96 
:  11/11/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691-32010 

96-3990 

EPA  415.1 

1 .0  mg  C/L 

Evergreen 
SamDle  # 

Client 
Samole  ID. 

Matrix 

TOC  (mg  C/L) 

Dilution 

Factor 

96-3990-05 

W68 

Water 

<1.0 

1 

96-3990-06 

W73 

Water 

3.8 

1 

96-3990-07 

W74 

Water 

<1.0 

1 

96-3990-07 

Duplicate 

W74 

Duplicate 

Water 

<1.0 

1 

Method  Blank  (11/11/96)  <1.0 


Quality  Assurance 

§£ 

)ike  Amount 
(mgC/L) 

Samole  Result 
(mgC/L) 

Spike  Result 
(mgC/L) 

%  Recovery 

96-3990-07 

W74 

Matrix  Spike 

10.0 

<1.0 

10.5 

105 

96-3990-07 

W74 

Matrix  Spike  Dup 

10.0 

<1.0 

11.2 

112 

MS/MSD  RPD 


HUFFMAN 


DEC  0  1V96 


CUSTOMER  #: 
02604 


LABORATORIES,  INC. 

Quality  Analytical  Services  Since  1936 

4630  Indiana  Street  ♦  Golden,  CO  80403 
Phone:  (303)  278-4455  •  FAX:  (303)  278-7012 


DATE  12/< 

LAB#  234( 

P  O.  see' 

R  CD  11/20/96 


ANALYSIS  REPORT 


PATTY  MC  CLELLEN 
EVERGREEN  ANALYTICAL,  INC 
4036  YOUNGFIELD  STREET 
WHEAT  RIDGE  CO  80033 

P.O.  #  013549  &  013550/PROJ  96-3990  &  96-3996 


SEQUENCE/  01  02  03 

SAMPLE  ID  LF6-MPJ  ( 18 # )  LF6-MPL  (14-18)  ST24-MPF( 16-18) 

CARBONATE  C— — — %  —  —  —  <0.02  —————  <0.02  —————  <q  q2 

TOTAL  CARBON— % - <0.05 - <0.05 - <0*05 

ORGANIC  C - % - <0.05 - <0.05 - <005 


THE  SAMPLES  ARE  NOT  HOMOGENEOUS 


12/04/1996  13:03 


3032787012 


HUFFMAN  LABORATORIES 


PAGE  01 


TOMER 

02604 


#: 


HUFFMAN 


LABORATORIES,  INC. 

Quality  Analytical  Services  Since  1936 
4630  Indiana  Street*  Golden,  CO  80403 
Phone:  (303)  278-4455  *  FAX:  (303)  278-7012 


DATE  12/4/96 
IAB#  234196 
P.O.  SEE  BELC 
RECD  11/20/96 


ANALYSIS  REPORT 


PATTY  MC  CLELLEN 
EVERGREEN  ANALYTICAL,  INC 
4036  YOUNGFIELD  STREET 
WHEAT  RIDGE  CO  80033 

P.O.  #  013549  &  013550/PROJ  96-3990  &  96-3996 


SEQUENCE/  01 

SAMPLE  ID  LF6-MPJ  (18') 


CARBONATE  C - % 

TOTAL  CARBON — % 

«INIC  C - % 

SAMPLES  ARE 


-  -  <0.02  - 

-  <0.05  - 

-  <0.05  - 

NOT  HOMOGENEOUS. 


Parcoxl"  I*?.  3'/. 


02 

LF6-MPL  (14-18) 

-  <0.02  - 

-  <0.05  - 

-  <0.05  - 


03 

ST24-MPF(16-18) 

-  <0.02 

-  <0.05 

-  <0.05 


iH.  (P\ '/. 


10.  0  / 


^  WV-  Re>u\V  <T  0.0b  c.O (o 


<_0.0b 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfieid  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Analysis  Report 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

:  11/8/96 
:  11/9/96 
:  11/14/96 
:  11/14/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

:  729691-32010 
:  96-3990 
:  EPA  310.1 
:  5.0  mg  CaC03/L 

Evergreen 
SamDle  # 

Client 
Sample  ID. 

Matrix 

Total  Dilution 

Alkalinity  (ma  CaC03/L)  Factor 

96-3990-05 

W68 

Water 

<5.0 

1 

96-3990-06 

W73 

Water 

7.2 

1 

96-3990-07 

W74 

Water 

<5.0 

1 

96-3990-07 

Duplicate 

W74 

Duplicate 

Water 

<5.0 

1 

Method  Blank  (11/1 4/96) 


Quality  Assurance 

Reference  True  Value  Result  %  Recovery 

(mgCaC03/L)  (mgCaC03/l) 

ERA  Minerals  120  112  94 

Lot  #  0725-96-1 1 
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project  Revision  Notice 
New  ^jectRequesf- 


Date :  III II  rj 6 


Time:  3lCO 


Project 


#  %-3R9(s 


Start  new  project:  Y  n 
Reason  for  revision: 

- - L.'  Due  Date  Modified 


- -Method  Revision 

-  Additional  analyses  requested  on  original  project 

Miscellaneous  (specify)  :  Awalyp.e. 
j$o  1  c srt ,*£>1 c,  /  _  f/wn  a  (\  y/  •  ,c ) 


Description  of  changes:  All  StUnpU  Wt  Shir)  fofcO  , 


Client  Name: 


EAL  Contact:  ; 


Jf  nrV/lS  >  tD 


Client  Contact :  . 


Due  Date:  _ lllishb 


is°s£ilinopene  aMitional  analyses  on  original 


project  if  the  project 


CC:  —  SWT -  WKH  MAB _  m.ch 

SX . REC_X —  QA/QC_JC_  SALEsZZx_FXIJ~ (oriol 


STote:  Originator  must  identify  persons  to 


receive  the  Notice/Request. 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
1303)  425-6021 


Method  Blank  Number 


Date  Prepared 
Dilution  Factor 


Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 


:  MB1  111  396  Client  Project  Number 

:  11/13/96  Lab  Work  Order 

:  1  -0  Matrix 

Lab  File  Number 


729691.32010 
96-3996 
WATER 
TVB1 11 13005 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Unit*; 

TVH-Gasoline 

— 

11/13/96 

U 

0.1 

Benzene 

71-43-2 

1 1  /1 3/96 

U 

0.4 

Toluene 

1 08-88-3 

11/13/96 

u 

6.4 

......  77.  ??, 

i  in/l 

Chlorobenzene 

1 08-90-7 

11/13/96 

u 

6.4 

uy/  *- 

i  in  /I 

Ethyl  Benzene 

100-41-4 

11/13/96 

u 

"  6.4  " 

Total  Xylenes  (m,p,o) 

1 330-20-7  1 

11/1 3/96 

u 

6.4 

1 ,3,5-Trimethylbenzene 

108-67-8 

. 11/13/96 . 

u 

6.4 

-rt.. ....?- 

uq/L 

1  ,2,4-Trimethylbenzene 

95-63-6 

11/13/96 

u 

6.4 

IfO/l 

1 ,2,3-Trimethylbenzene 

526-73-8  j 

1 1/13/96 

u 

0.4 

HHKKMi 

1 , 2, 3,4-Tetramethyl  benzene 

488-23-3  i 

11/13/96 

u 

6.5  i 

FID  Surrogate  Recovery: 

100% 

50%-1 50% 

fl  imitcl 

P  *Urr°gate  Recovar* -  1 08 %  . . . - . 56%-T50%  fUmTtsfj 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

^  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


Analyst 


Approved 


TVBXWS1  P;TVB3996P.XLS;  11/18/96;  1 


Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 

•  1 1 1496  Client  Project  Number 

•  11/14/96  Lab  Work  Order 

•  1  -0  Matrix 

Lab  File  Number 


729691.32010 
96-3996 
WATER 
TVB1 11 13029 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which 


co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS- 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


the  Reporting  Limit. 


'C^JLs 


Analyst 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


W75 

96-3996-01 

11/10/96 

11/11/96 

11/13,14/96 

50 

50;  5.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-3996 

WATER 

TVB1 11 13012,31 

MB1111496 

MB1111396 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/14/96 

26 

5.0 

mg/L 

Benzene 

71-43-2 

11/14/96 

220 

20 

ug/L 

Toluene 

1 08-88-3 

11/14/96 

2700 

20 

ug/L 

Chlorobenzene 

108-90-7 

11/1 3/96 

U 

”“2.0“ 

ug/L 

Ethyl  Benzene 

100-41-4 

1 1/1 4/96 

470 

20 

ug/L 

Total  Xylenes  (m,p,o)  j 

1 330-20-7 

11/1 4/96 

2400 

20 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/14/96 

960 

20 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6  1 

11/14/96 

2700 

20 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

1 1/14/96 

670 

20 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/14/96 

290 

. ”25" 

ug/L 

| 

V  surrogate  Recovery:  103% 

50%-1  50% 

(Limits) 

EH  surrogate  Recovery:  1 04%;  1 02%  .  50%-1 50%  "(Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS; 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

B/H  =  Total  Volatile  Hydrocarbons. 


Analyst 


Approved 


TVBXWS1  P;TVB3996P.XLS;  11/18/96;  2 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


W69 

96-3996-02 

11/10/96 

11/11/96 

11/13/96 

1.0 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 
96-3996 
WATER 
TVB1 111  301  3 
MB1111396 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— - 

11/13/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

1 1/13/96 

U 

. "’”0.'4 

ug/L 

Toluene 

108-88-3 

11/13/96 

u' 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/13/96  " 

u  j 

6.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/13/96 

u 

o.T" 

ug/L 

Total  Xylenes  (m,p,o) 

1 330-20-7 

11/13/96 

0 

6.4 

ug/L 

1 ,3,5-Trimethyibenzene 

108-67-8  ] 

i  i/i  3/96 . 

IIIZZZ . u 

. . 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/13/96 

. . tT 

. o.T“ . 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

. li/13/96 . 

u 

6.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

. 488-23-3 

11/13/96 

0 

0.5 

ug/L 

A ^ 

FID  Surrogate  Recovery: 

98% 

50%-1 50% 

PID  Surrogate  Recovery: 

96% 

50%"-1 50% 

(□fffiLsj 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 


TVH  =  Total  Volatile  Hydrocarbons. 


Analyst 


7 


Approved 


TVBXWSl  P;TVB3996P.XLS;  11/18/96;  3 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzen  e 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


1 ,2,3,4-Tetramethylbenzene 


W71 

96-3996-03 

11/10/96 

11/11/96 

11/13,14/96 

20 

20;  5.0 


Cas  Number 


71-43-2 


1 08-88-3 


108-90-7 


100-41-4 


1 330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


Surrogate  Recovery: 
■ID  Surrogate  Recovery” 


Analysis 

Date 


11/14/96 


11/14/96 


11/14/96 


11/13/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


97% 

"97%T'98%" 


729691.32010 

96-3996 

WATER 

TVB1 11 13020,41 

MB1111496 

MB1111396 


Sample 

Concentration 


10 


140 


600 


50%-1 50%  (Limits) 
50%-1 50%  (Limits) 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 


TVBXWS1P;TVB3996P.XLS;  11/18/96;  4 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 


L  A 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


W77 

96-3996-04 

11/10/96 

11/11/96 

11/14/96 

1.0 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 
96-3996 
WATER 
TVB1 11 13030 
MB1111496 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzene 


1  /2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


1 ,2,3,4-Tetramethylbenzene 


Cas  Number 


F IJD  Surro gate  Recovery 
PID  Surrogate  Recovery 


Analysis 

Date 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


103% 

. 103% . 


Sample 

Concentration 


50%-1  50%^^r 
50%-i  50%  (Linn; 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

^  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


L  A 


TVBXWS1  P;TVB3996P.XLS;  11/18/96;  5 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzene 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


1 ,2,3,4-Tetramethylbenzene 


Surrogate  Recovery: 
ID  Surrogate  Recovery: 


W70 

96-3996-06 

11/10/96 

11/11/96 

11/14/96 

50 

50;  5.0 


Cas  Number 


108-88-3 


108-90-7 


100-41-4 


1330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-3996 

WATER 

TVB1 11 13034,43 
MB1111496 


Analysis 

Date 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


101% 
101%;  98%' 


Sample 

Concentration 


26 


190 


2700 


50%-1 50% 
~50%-1 50% 


(Limits) 

(Limits) 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS; 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 


TVBXWS1  P;TVB3996P.XLS;  11/18/96;  6 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


Trip  Blank-2 
96-3996-07 
NA 

11/11/96 

11/14/96 

1.0 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


72  .-691. 32010 
9f  3996 
V  TER 
TV 31 1 113042 
F Bill 1496 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/14/96 

U 

0.1  j 

Benzene 

71-43-2 

11/14/96"' 

U 

0.4'" . 

ug/L 

Toluene 

108-88-3 

11/14/96 

U 

O.T 

ug/L 

Chlorobenzene 

108-90-7 

11/14/96 

U 

0.4"“ 

ug/L 

Ethyl  Benzene 

100-41-4 

1 1/14/96 

U 

0.4  i 

ug/L 

Total  Xylenes  (m,p,o) 

1330-26-7 

11/14/96 

U 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/14/96 

U 

6.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/14/96 

U 

0.4 

ua/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/14/96 

U 

6,4 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/14/96 

U 

0.5 

FID  Surrogate  Recovery: 

101% 

50%-1 50% 

m  j 

PID  Surrogate  Recovery: 

98% 

50%-1 50% 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector.  ' 

FID  =  Flame  ionization  detector. 


TVH  =  Total  Volatile  Hydrocarbons. 


Analyst 


Approved 


TVBXWS1  P;TVB3996P.XLS;  11/18/96;  7 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24MPKS 

96-3996-08 

11/10/96 

11/11/96 

11/14/96 

1.0 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 
96-3996 
WATER 
TVB1 11 13035 
MB1111496 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3, 5 -Trimethyl  benzene 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


1 ,2,3,4-Tetramethylbenzene 


Surrogate  Recovery 
PIP  Surrogate  Recovery: 


Cas  Number 


71-43-2 


108-88-3 


108-90-7 


100-41-4 


1 330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Analysis 

Date 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


103% 
98% 


Sample 

Concentration 


50%-1 50%  (Limits) 
56%-150%  (Limitsf 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  —  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 


TVBXWS1  P;TVB3996P.XLS;  11/18/96;  8 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


EPA  602/8020  Matrix  Spike/Matrix  Spike  Duplicate  Data  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Instrument  Name 


W69 _ 

96-3996-02 
11/10/96 
11/11/96 
11/1 3/96 
11/1 3/96 
TVHBTEX1 


Client  Project  No. 
Lab  Work  Order 
EPA  Method  No. 
Matrix 

Lab  File  Number(s) 
Method  Blank 
Dilution  Factor 


729691.32010 

96-3996 _ 

602/8020 _ 

WATER _ 

TVB111 13016,  17 
MBIT  11 396 
1.0 


Compound 


Benzene 


Toluene 


Chlorobenzene 


Ethylbenzene 


m,p-Xylene 


o-Xylene 


1,3,5-TMB 


1,2,4-TMB 


1,2,3-TMB 


1,2,3,4-TeMB 


Surrogate 


Spike 

Added 

(ug/L) 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


100.0 


Sample 

Concentration 

(ug/L) 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


96% 


Concentration 

(ug/L) 


MS 


19.1 


17.7 


18.2 


18.3 


18.0 


18.1 


18.5 


18.1 


18.5 


17.4 


94% 


Comments 


Compound 


Benzene 


Toluene 


Chlorobenzene 


Ethylbenzene 


m,p-Xylene 


o-Xylene 


1,3,5-TMB 


1,2,4-TMB 


1,2,3-TMB 


1,2,3,4-TeMB 


Surrogate 


MS 

% 

RECOVERY 


95.5 


88.5 


91.0 


91.5 


90.0 


90.5 


92.5 


90.5 


92.5 


87.0 


94.0 


MSD 

% 

RECOVERY 


101.5 


94.5 


98.0 


97.5 


94.5 


97.5 


93.0 


91.0 


94.5 


87.5 


96.0 


#=  Limits  extablished  10/1/96,HDM 
*  =  Values  outside  of  QC  limits. 


RPD: 

Spike  Recovery: 


out  of  (10)  outside  limits, 
out  of  (20)  outside  limits. 


Comments: 


Analyst  Approved 


MSBTMB1  ;MSB3996A.XLS;  11/18/96 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 

TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
TVH  Matrix  Spike/Matrix  Spike  Duplicate  Data  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Instrument  Name 


W69 _ ___  Client  Project  No 

96-3996-02 _ Lab  Work  Order 

11 /1 0/96 _ EPA  Method  No. 

11/1 1/96 _ Matrix 

1 1/13/96 _ Lab  File  Number(s) 

11/13/96 _ _  Method  Blank 

TVHBTEX1 _ Dilution  Factor 


729691,32010 

96-3996 _ 

5030/8015  Modified 

WATER _ 

TVB1 11 13014,  15 

MB1111396 _ 

1.0 


Compound 

Spike 

Added 

(mg/L) 

Sample 

Concentration 

(mg/L) 

MS 

Concentration 

(mg/L) 

MS 

%REC 

QC  (#) 
Limits 

%REC 

Gasoline 

2.00 

0.00 

1.81 

90.5% 

62  -  126 

Surrogate  ** 

— 

— 

— 

100% 

70  -  121 

r 

'  Compound 

Spike 

Added 

(mg/L) 

MSD 

Concentration 

(mg/L) 

MSD 

%REC 

RPD 

QC  (#) 

Limits 

RPD 

%REC 

Gasoline 

2.00 

1.79 

89.5% 

1.1 

42.3 

62  -  126 

Surrogate  ** 

— 

94% 

NA 

NA 

70  -  121 

""D*  _ 0 _ out  of  (1)  outside  limits. 

Spike  Recovery:  0  out  of  (2)  outside  limits. 

Notes: 

NA  =  Not  analyzed/not  applicable. 

*  =  Values  outside  of  QC  limits. 

**  =  1,2,4-Trichlorobenzene 

#  =  Limits  established  10/2/96,  KSH 


Comments: 


Analyst 


MSTVHWS1  ;MST3996.XLS;  11/18/96 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene  ~ 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m,p-Xylene 

o-Xylene 

MTBE 

1 ,3,5*Trimethylbenzene 
1 « 2, 4-Trim  ethyl  benzene 
1 ,2,3-Trimethylbenzene 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

LCS1 1 11396 


11/13/96 


11/13/96 


20.0 


Cas 
Number 
71-43-2 


LCS 

Concentration 
(ug/L) 
21.8 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 

LCS 

% 

Recovery 
109.0 


QUALIFIERS: 

E  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  -  Compound  analyzed  for,  but  not  detected. 

NA=-^>TP0U?djTd  in  “ank  and  sample-  Compare  blank  a"d  samP'e  data. 
NA  —Not  available/Not  analyzed. 

**  =  Limits  updated  10/02/96  for  TVHBTEX1.  SWT 


Analyst  ~ 


1.00 


602/8020 

Water 


TVB111 13006 


QC  Limit** 
%  Recovery 
75  -  110 


Approved 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
Laboratory  Control  Sample  (LCS) 


LCS  Number 


LCS1 1 11396 


Date  Prepared 

Date  Analyzed 

Lab  File  Number(s) 

:  11/13/96 
:  11/13/96 
:  TVB1 11 13008 

Method  Numbers 
Instrument  Name 

•  *  *  n  i  i_i  i 

:  EPA  5030/8015  Modified 
:  1 VHBTEX1 

Compound 

Name 

Theoretical 

Concentration 

(mg/L) 

LCS 

Concentration 

(mg/L) 

LCS 

% 

Recovery 

QC  Limit 

Gasoline 

2.00 

1.78 

89.0 

83  -  120 

Surrogate  Recovery: 

106% 

70  -  121 

QUALIFIERS 

B  =  TVH  as  Gasoline  found  in  blank  also. 

^  =  Extrapolated  value.  Value  exceeds  calibration  range. 
NA  =  Not  Available/Not  Applicable. 

**  =  Limits  established  9/24/96  for  TVHBTEX1.  HDM 


Analyst 


Approved 


<  rCT\/Ui  .t  r^o-T-i  -1-ip  w. 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
Laboratory  Control  Sample  (LCS) 


LCS  Number 

Date  Prepared 

:  LCS1 1 1 1496 

Matrix 

MPth/lH  Ml  tmknr^ 

:  WATER 

:  li/14/96 

Date  Anajyzed 

:  11/14/96 

«*icinuu  iNumDers 

In^tri  imont 

*  “A  5030/8015  Modified 

Lab  File  Number(s) 

:  TVB1 11 13036 

■MOLiuiMuiiL  iNiame 

:  TVHBTEX1 

Compound 

Name 

Theoretical 

Concentration 

(mq/L) 

LCS 

Concentration 

(mg/L) 

LCS 

% 

Rpcn\/pr\/ 

QC  Limit 

O/  n 

Gasoline 

2.00 

2.11 

•  luuuvci  y 

105.5 

^  Recovery 

83  -  120 

Surrogate  Recovery: 

/ 

107% 

”  ■  '♦ 

QUALIFIERS 

B  =  TVH  as  Gasoline  found  in  blank  also. 

L=-MtraAP0,ated  Value-  VaIue  exceeds  calibration  range. 
NA  -  Not  Available/Not  Applicable. 

**  =  Limits  established  9/24/96  for  TVHBTEX1.  HDM 


Analyst 


Approved 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 
m,p-Xy!ene 


MTBE 


1 ,3,5-Trimethylbenzene 

1 ,2,4-Trimethylbenzene 

1 ,2,3-Trimethylbenzene 

1^2i3£4-T etramethylbenzene 
Surrogate  Recovery: 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

LCS11 11496 

11/14/96 _ 

11/14/96 _ 

20.0 


Cas 

Number 

71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-04-4 

108-67-8 

95-63-6 

526-73-8 


488-23-3 


LCS 

Concentration 

(ug/L) 

19.6 


13.1- 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 

LCS 

% 

Recovery  • 
98.0 


107.5 


1.00 _ 

602/8020 

Water _ 

TVB1 11 13037 


QC  limit** 
%  Recovery 
75  -  110 

75  -  110 

69  -  110 

74  -  110 

73  -  110 

74-  114 

59  -  129 

70-  110 

73  -  110 

84  -  122 

67  -  116 


82  -  115 


NOTES: 


m,p-xylene  =  40.0  ppb  spike. 


QUALIFIERS: 

^  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  found  in  blank  and  sample.  Compare  blank  and  sample  data. 

•Not  available/Not  analyzed. 

(Limits  updated  1 0/02/96  for  TVHBTEX1 .  SWT 


-J 


Analyst 


Approved 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield.  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Method  Blank 
Date  Prepared 
Date  Analyzed 


Method  8010  Chlorinated  VOC's  Method  Blank  Report 


RBI 11 896 

11/18/96 

11/18/96 


Client  Project  No. 
Lab  Project  No. 
Lab  File  No. 


729691-32010 

96-3996 

HALL1 1 1 8\01 2F01 01 


Compound 


Vinyl  Chloride 
Chloroethane 
1 , 1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 


CAS# 


75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 


Concentration  (ug/L) 
U 
U 
U 
U 


RL(ug/H 


0.4 

0.4 

0.4 

0.4 


1 . 1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1 . 1 . 1  -T richloroethane 

Carbon  Tetrachloride 
Trichloroethene 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

U 

U 

U 

U 

U 

V.T 

0.4 

0.4 

0.4 

0.4 

0.4 

1 , 1 ,2-Trichloroethane 

79-00-5 

U 

0  4 

Tetrachloroethene 

127-18-4 

U 

VI*? 

0  4 

1,1 , 1 ,2-Tetrachloroethane 

79-00-5 

U 

v**t 

0  4 

Chlorobenzene 

108-90-7 

U 

0  42 

1 ,1 ,2,2-Tetrachloroethane 

79-34-5 

U 

_  0.54 

2-Chlorotoluene 

95-49-8 

U 

4-Chlorotoluene 

106-49-8 

u 

1 ,3-Dichlorobenzene 

541-73-1 

U 

1 ,2-Dichlorobenzene 

95-50-1 

U 

V  ✓ 

0.4 

Surrogate  Recovery  (1 -Chloro-2-Fluoro-Benzene) :  88%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  ->  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  -  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  -  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


Method  Blank 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Method  601/8010  Chlorinated  VOC'a  Method  Blank  Report 

RB1 12096  Client  Project  No.  :  729691-32010 

11/20/96  Lab  Project  No.  :  96-3996 

11/20/96  Lab  File  No.  :  HALL1 120\004F0101 


Compound _ 

Vinyl  Chloride  ’ 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 .1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1 . 1 . 1  -T richloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- Tetrachloroethane 
Chlorobenzene 

1.1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
B-Chlorotoluene 

*  ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  (ug/L) 
U 
U 
U 

u 

_ u _ 

u 

u 

u 

u 

u 

u 

u 

u 

u 

_ u _ 

u 

u 

u 

u 


RL(ug/L) 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.42 

0.54 

0.4 

0.4 

0.4 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  88%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Sample  Report 

Client  Project  No.  :  729691-32010 
Lab  Project  No.  :  96-3996 

Matrix  :  Water 

Lab  File  No.  :  HALL1 1 1 8\021  F01 01 

Method  Blank  :  RB1 1 1 896 

Dilution  Factor  :  i  .0 


W75 

96-3996-01 

11/10/96 

11/11/96 

11/18/96 

11/19/96 


Compound _ 

Vinyl  Chloride 
Chloroethane 

1 .1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 
1,1-Dichloroethane 
cis-1 ,2-Dichloroethene 

1 . 1 . 1  -T  richloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 . 1 .2- Trichloroethane 
Tetrachloroethene 

1 . 1 .1 .2- Tetrachloroethane 
Chlorobenzene 

1 . 1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  (ug/L) 

or 

u 

u 

u 

_ u _ 

u 

u 

u 

u 

_ u _ 

u 

u 

u 

u 

_ u _ 

u 

u 

u 

u 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 


Surrogate  Recovery  (l-Chloro-2-Huoro-Benzene) : 


130%  (QC  limits) 


QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  «  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


W69 

96-3996-02 

11/10/96 

11/11/96 

11/18/96 

11/19/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-3996 

Water 

HALL1 1 1 8\022F01 01 
RB1 11 896 
1.0 


Compound 


Vinyl  Chloride 
Chloroethane 
1 , 1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 
1,1-Dichloroethane 


CAS  # 


75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 


Concentration  (ug/L) 
U 
U 
U 
U 
U 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 


cis-1 ,2-Dichloroethene 
1,1,1  -Trichloroethane 
Carbon  Tetrachloride 

Trichloroethene _ 

1 , 1 ,2-T richloroethane 


75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 


U 

U 

U 

u 

u 


0.4 

0.4 

0.4 

0.4 

0.4 


Tetrachloroethene 

1.1.1 .2- T  etrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 


i-Chlorotoluene 
Chlorotoluene 
1 ,3-Dichlorobenzene 
1 ,2-Dichlorobenzene 


79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 


95-49-8 

106-49-8 

541-73-1 

95-50-1 


U 

U 

U 

u 

u 


u 

u 

u 

u 


0.4 

0.4 

0.4 

0.42 

0.54 


0.4 

0.4 

0.4 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  85%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


W71 

96-3996-03 

11/10/96 

11/11/96 

11/18/96 

11/19/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-3996 

Water 

HALL1 1 1 8V023F01 
RB1 11896 
1.0 


Compound _ 

Vinyl  Chloride 
Chloroethane 

1.1- Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1.1- Dichloroethane 

cis-1 ,2-Dichloroethene 
1,1,1  -Trichloroethane 
Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- Tetrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

u 

u 

u 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 

0.4 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  81%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  *=  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Da\e  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


W77 

96-3996-04 

11/10/96 

11/11/96 

11/18/96 

11/19/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-3996 

Water 

HALL1 1 1 8V024F01 01 
RBI 11 896 
1.0 


Compound 


Vinyl  Chloride 
Chloroethane 
1 ,1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 


1,1-Dichloroethane 
cis-1 ,2-Dichloroethene 
1,1,1  -Trichloroethane 
Carbon  Tetrachloride 
Trichloroethene 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 


Concentration  (ug/L) 
U 
U 
U 
U 
U 


1 .1 .2- Trichloroethane 
Tetrachloroethene 

1 .1 .1 .2- Tetrachloroethane 
Chlorobenzene 

*,1 ,2,2-Tetrachloroethane 
-Chlorotoluene 


75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 


U 

U 

U 

U 

U 


79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 


U 

U 

u 

u 

u 


-Chlorotoluene 
1 ,3-Dichlorobenzene 
1 ,2-Dichlorobenzene 


95-49-8 

106-49-8 

541-73-1 

95-50-1 


U 

U 

u 

u 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 

_ 04 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.42 

0.54 

0.4 

0.4 

0.4 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  93%  70%  -  130%  (QC  limits) 

QUALIHERS: 

U  -  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's 


Sample  Report 


Reid  Blank- 1 

96-3996-05 

11/10/96 

11/11/96 

11/20/96 

11/20/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  Rle  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-3996 

Water 

HALL1 1 20\01 8F01 01 
RB1 12096 
1.0 


Compound _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 .1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1.1.1  -Trichloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1.1 .2- Trichloroethane 
Tetrachloroethene 

1 .1 .1 .2- Tetrachloroethane 
Chlorobenzene 

1.1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  (ug/L) 
U 
U 
U 

u 

_ u _ 

u 

u 

u 

u 

u 

u 

u 

u 

u 

_ u _ 

u 

u 

u 

u 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 

-• 

0.4 

0.4 


Surrogate  Recovery  (l-Chloro-2-Fluoro-Benzene)  :  87%  70%  -  130%  (QC  limits) 

QUALIRERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 

Method  601/8010  Chlorinated  VOC's  Sample  Report 
W70 

96-3996-06 
11/10/96 
11/11/96 
11/18/96 
11/19/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-3996 

Water 

HALL1 1 1 8\038F01 01 
RBI 11 896 
1.0 


Compound 

CAS# 

Concentration  (ug/L) 

RL  (ug/L) 

Vinyl  Chloride 

75-01-4 

U 

0  4 

Chloroethane 

75-00-3 

U 

0.4 

1,1-Dichloroethene 

75-35-4 

U 

0  4 

Dichloromethane 

75-09-2 

U 

0.4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1 ,1  -Dichloroethane 

75-34-3 

U 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0  4 

1,1,1  -Trichloroethane 

71-55-6 

U 

0  4 

Carbon  Tetrachloride 

56-23-5 

U 

0  4 

Trichloroethene 

79-01-6 

U 

0.4 

1,1 ,2-Trichloroethane 

79-00-5 

U 

0  4 

Tetrachloroethene 

127-18-4 

U 

0.4 

1 ,1 ,1 ,2-Tetrachloroethane 

79-00-5 

U 

0  4 

Chlorobenzene 

108-90-7 

U 

0.42 

J  ,1 ,2,2-Tetrachloroethane 

79-34-5 

U 

0.54 

l-Chlorotoluene 

95-49-8 

U 

0  4 

^-Chlorotoluene 

106-49-8 

U 

0  4 

1 ,3-Dichlorobenzene 

541-73-1 

U 

0  4 

1 ,2-Dichlorobenzene 

95-50-1 

U 

V**T 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  90%  70%  - 130%  (QC  limits) 

QUALIHERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC’s 


Sample  Report 


Trip  Blank-2 

96-3996-07 

11/10/96 

11/11/96 

11/20/96 

11/20/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-3996 

Water 

HALL1 1 20\01 9F01 01 
RB1 12096 
1.0 


Compound _ 

Vinyl  Chloride 
Chloroethane 

1.1- Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1.1- Dichloroethane 
cis-1 ,2-Dichloroethene 

1 .1.1- Trichloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 . 1 .2- T  richloroethane 
Tetrachloroethene 

1 .1 .1 .2- Tetrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

U 

U 

U 

U 

_ U _ 

U 

U 

U 

U 

U _ 

u 

u 

u 

u 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 

0.4 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  78%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


ST24  MPKS 

96-3996-08 

11/10/96 

11/11/96 

11/20/96 

11/21/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-3996 

Water 

HALL1120\031F0101 
RBI 12096 
1.0 


Compound 

CAS# 

Concentration  (ug/L) 

RL  (ug/L) 

Vinyl  Chloride 

75-01-4 

u 

0  4 

Chloroethane 

75-00-3 

U 

V/|*T 

0  4 

1 ,1  -Dichloroethene 

75-35-4 

u 

v«‘r 

0  4 

Dichloromethane 

75-09-2 

U 

0  4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1,1-Dichloroethane 

75-34-3 

U 

0  4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

4 

1 ,1 ,1  -Trichloroethane 

71-55-6 

u 

v#*r 

0  4 

Carbon  Tetrachloride 

56-23-5 

U 

n  a 

Trichloroethene 

79-01-6 

U 

0.4 

1 ,1 ,2-Trichloroethane 

79-00-5 

u 

0  4 

T etrachloroethene 

127-18-4 

u 

0  A 

1,1,1 ,2-Tetrachloroethane 

79-00-5 

U 

n  a 

Chlorobenzene 

108-90-7 

U 

0  AO 

J,  1 ,2,2-Tetrachloroethane 

79-34-5 

U 

Wt*TZ. 

0.54 

B-Chlorotoluene 

95-49-8 

u 

0  4 

W-Chlorotoluene 

106-49-8 

u 

0  A 

1 ,3-Dichlorobenzene 

541-73-1 

u 

V/iH 

ft  4 

1 ,2-Dichlorobenzene 

95-50-1 

u 

v»*? 

0.4 

Surrogate  Recovery  ( 1  -Chloro-2-Fluoro-Benzene) :  73%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


Method  8010  Quality  Control  Samples 
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Spike 

Dup. 
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Corrective  Actions: _ 

Unacceptabl^^mple  spike  recovery  requires  acceptable  control  spike  recovery^fboth  recoveries  are  outside  limits,  corrective  action 
must  b'  One  recovery  outside  limits  and  the  other  acceptable,  Is  a  •  Repeated  failure  requires  corrective  action. 

Recov.  ^^Pnslde  guidelines  should  be  compared  to  historical  data  availa.^^Pietermine  If  corrective  action  is  required. 


Method  Blank  Number 
Date  Extracted/Prepared 
Date  Analyzed 


Compound  Name 


Methane 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methane  Report  Form 
Method  Blank  Report 

Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 

Sample 

Cas  Number  Concentration 

_ _ _ mg/L 

74-82-8  U 


GB1 11496 

11/14/96 

11/14/96 


729691.32010 

96-3996 

1.00 

RSKSOP-175M 

Water 

GAS11 14002 


RL 

mg/L 

0.002 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 


AF3996.XLS 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methane  Report  Form 


W69 

96-3996-02 

11/10/96 

11/11/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3996 

1.00 

RSKSOP-175M 

Water 

GAS11 1401 6 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ _ mg/L 


RL 

mg/L 


74-82-8 


U 


0.002 


Temperature 
Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


Atomic  weight(Methane) 


71  F 

Saturation 

Meth 

0.5  ml 

Concentration 

43  ml 

Concentration 

Meth 

4  ml 

in  Head  Space 

0  uq 

16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


AF3996.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


W71 

96-3996-03 

11/10/96 

11/11/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3996 

20.00 

RSKSOP-175M 

Water 

GAS11 1401 8 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration  RL 

_ _  mg/L  _ _ _ mg/L 


74-82-8 


1.76 


0.04 


iperature 
^riount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


71.3  F 

Saturation 

Meth 

0.42339496 

0.025  ml 
43  ml 

Concentration 

Concentration 

Meth 

1.335783833 

4  ml 

in  Head  Space 

492.292  ug 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 


AF3996.XLS 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Compound  Name 


Methane 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methane  Report  Form 


W71 

96-3996-03Dup 

11/10/96 

11/11/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3996 

20.00 

RSKSOP-175M 

Water 

GAS11 1401 9 


Sample 

Cas  Number  Concentration 

_ _  mg/L 


RL 

mg/L 


74-82-8 


1.80 


0.04 


Temperature 
Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


71.4  F 
0.025  ml 

_ 43  ml 

_ 4_ml 

503.564  ug 


Saturation  Meth 
Concentration 
Concentration  Meth 
in  Head  Space 


Atomic  weight(Methane) 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


AF3996.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
1303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Compound  Name 


Methane 


Methane  Report  Form 


W77 

96-3996-04 

11/10/96 

11/11/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3996 

20.00 

RSKSOP-1 75M 
Water 

GAS11 14020 


Sample 

Cas  Number  Concentration  RL 

_ mg/L _ mg/L 


74-82-8 


0.28 


0.04 


perature 
Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


71.5  F 

Saturation 

Meth 

0.068180339 

0.025  ml 
43  ml 

Concentration 

Concentration 

Meth 

0.215023545 

4  ml 

in  Head  Space 

79.275  ug 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 


Approved 


AF3996.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methane  Report  Form 


Client  Sample  Number 

Lab  Sample  Number 

Date  Sampled 

Date  Received 

Date  Extracted/Prepared 

Date  Analyzed 

W70 

96-3996-06 

11/10/96 

11/11/96 

11/14/96 

11/14/96 

Client  Project  No. 

Lab  Work  Order 

Dilution  Factor 

Method 

Matrix 

Lab  File  No. 

729691.32010 

96-3996 

5.00 

RSKSGP-1 75M 
Water 

GAS11 14021 

Compound  Name 

Cas  Number 

Sample 

Concentration 

mg/L 

RL 

mg/L 

Methane 

74-82-8 

0.02 

0.01 

Temperature  : 

71.8  F 

Saturation 

Meth 

Amount  Injected  : 

0.1  ml 

Concentration 

Total  Volume  of  Sample  : 

43  ml 

Concentration 

Meth 

Head  space  created  : 

4  ml 

in  Head  Space 

Methane  Area  : 

24.02  ug 

0.01627861 


Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 


Analyst 


AF3996.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


ST24MPKS 

96-3996-08 

11/10/96 

11/11/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-3996 

1.00 

RSKSOP-175M 

Water 

GAS11 14022 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ _ mg/L 


RL 

mg/L 


74-82-8 


U 


0.002 


ft  erature 
Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


72  F 

Saturation 

Meth 

0 

0.5  ml 
43  ml 

Concentration 

Concentration 

Meth 

0 

4  ml 

in  Head  Space 

0  ug 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 


AF3996.XLS 


Evergreen  Analytical,  Inc, 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
1303)  425-6021 


RSKSOP-175M  Gas  Method 

Methane  Gas  Matrix  Spike  /  Matrix  Spike  Duplicate  Report 


Client  Sample  No. 

Lab  Sample  No. 

Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

E.A.  MS/MSD  Spike  Source  No. 


ST24MPKS 

96-3996-08 

11/10/96 

11/11/96 

11/14/96 

11/14/96 

1886 


Client  Project  No. 
Lab  Work  Order 
EPA  Method  No. 
Matrix 

Method  Blank 
Lab  File  No's. 


729691.32010 
96-3996 
RSKSOP-1 75M 
Water 
GB1 11496 
GAS11 14023,024 


Compound 

Spike 

Added 

(ug) 

Sample 

Concentration 

(ug) 

MS 

Concentration 

(ug) 

MS 

%REC 

QC 

Limits 

%REC 

Methane  Gas 

500 

0 

406 

81 

47-88 

Compound 

Spike 

Added 

(ug) 

MSD 

Concentration 

(ug) 

MSD 

%REC 

RPD 

QC  J 

Limits 

RPD  1  %RFfiH 

Methane  Gas 

500 

411 

82 

1.2 

0-16.4 

47-88^ 

(1)  outside  limits. 

(2)  outside  limits. 

Notes 

*  =  Values  outside  of  QC  limits. 

NA  =  Not  analyzed/not  available 

Note:  The  Spike  was  made  by  taking  the  sample  and  displacing  4ml  of  headspace  with  a  1  % 
methane  gas  and  shaking  the  VOA  for  5  minutes.  Then  injecting  50  ul  from  the  headspace  into  the  GC 
resulting  in  a  theoretical  concentration  of  500  ug. 


RPD:  0  out  of 

Spike  Recovery:  0  out  of 


MS3996.XLS;  11/15/96 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 

RSKSOP-175M  Gas  Method 
Methane,  Ethane,  Ethene  LCS  Report  Form 


LCS  No. 

Date  Prepared 
Date  Analyzed 
E.A.  LCS  Source  No. 


LCS111496 

11/14/96 

11/14/96 

1719 


EPA  Method  No. 
Matrix 

Method  Blank 
Lab  File  No. 


RSKSOP-175M 
Water 
GB1 11496 
GAS11 14010 


Compound 

Spike 

Added 

(ug) 

Method  Blank 
Concentration 
(ug) 

LCS 

Concentration 

(ug) 

LCS 

%REC 

QC 

Limits 

%REC 

Methane  Gas 

500 

0 

370 

74 

64-90 

Ethene  Gas 

500 

0 

213 

43 

37-58 

Ethane  Gas 

500 

0  1 

321 

64 

53-83 

Spike  Recovery:  0  out  of  (3)  outside  limits. 


Note:  The  LCS  was  made  by  taking  the  sample  and  displacing  4ml  of  headspace  with  a  1  % 
methane,  ethane,  ethene  gas  and  shaking  the  VOA  for  5  minutes.  Then  injecting  50  ul  from  the 
headspace  into  the  GC  resulting  in  a  theoretical  concentration  of  500  ug. 


Notes 

*  =  Values  outside  of  QC  limits. 
NA  =  Not  analyzed/not  available. 


LCS1114.XLS;  11/15/96 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021  ~ 


Anion  Report 


Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed  : 

11/10/96 

11/11/96 

11/11/96 

11/11/96 

Client  Project  ID.  : 

Lab  Project  Number  : 

Method  : 

Detection  Limit  : 

729691.32010 

96-3996 

EPA  300.0 

0.25  mg/L 

Evergreen 
Sample  # 

Client 
Sample  ID. 

Matrix 

Chloride 

mg/L 

Dilution 

Factor 

96-3996-02 

W69 

Water 

10.2 

1 

96-3996-02 

Duplicate 

W69 

Duplicate 

Water 

10.5 

1 

96-3996-03 

W71 

Water 

6.1 

1 

96-3996-04 

W77 

Water 

4.2 

1 

96-3996-06 

W70 

Water 

7.4 

1 

96-3996-08 

ST24MPKS 

Water 

2.0 

< 

Method  Blank  (11/11/96) 

Water 

<0.25 

Quality  Assurance 

Spike  Amount 
(mg/L) 

Sample  Result 
(mg/L) 

Spike  Result 
(mg/L) 

%  Recoverv 

96-3996-02 

W69 

Matrix  Spike 

10.0 

10.2 

20.5 

103 

96-3996-02 

W69 

Matrix  Spike  Dup 

10.0 

10.2 

20.2 

100 

MS/MSD  RPD 


Approved 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Anion  Report 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

11/10/96 

11/11/96 

11/11/96 

11/11/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-3996 

EPA  300.0 
0.076  mg/L 

Evergreen 
SamDle  # 

Client 
SamDle  ID. 

Matrix 

Nitrite-N  ma/L 

Dilution 

Factor 

96-3996-02 

W69 

Water 

<0.076 

1 

96-3996-02 

Duplicate 

W69 

Duplicate 

Water 

<0.076 

1 

96-3996-03 

W71 

Water 

<0.076 

1 

96-3996-04 

W77 

Water 

<0.076 

1 

96-3996-06 

W70 

Water 

<0.076 

1 

96-3996-08 

ST24MPKS 

Water 

<0.076 

1 

Method  Blank  (11/11/96) 

Water 

<0.076 

Quality  Assurance  * 


Sf 

>ike  Amount 
(mg/L) 

Samde  Result 
(mg/L) 

Soike  Result 
(mg/L) 

%  Recovery 

96-3996-02 

W69 

Matrix  Spike 

10.0 

<0.25 

9.4 

94 

96-3996-02 

W69 

Matrix  Spike  Dup 

10.0 

<0.25 

9.5 

95 

MS/MSD  RPD 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed 

11/10/96 

11/11/96 

11/11/96 

11/11/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-3996 

EPA  300.0 
0.056  mg/L 

Evergreen 
SamDle  # 

Client 
SamDle  ID. 

Matrix 

Nitrate-N  ma/L 

Dilution 

Factor 

96-3996-02 

W69 

Water 

0.57 

1 

96-3996-02 

Duplicate 

W69 

Duplicate 

Water 

0.57 

1 

96-3996-03 

W71 

Water 

<0.056 

1 

96-3996-04 

W77 

Water 

0.99 

1 

96-3996-06 

W70 

Water 

<0.056 

1 

96-3996-08 

ST24MPKS 

Water 

0.53 

1 

Method  Blank  (11/11/96) 

Water 

<0.056 

Quality  Assurance  * 

Spike  Amount 
(mg/L) 

SamDle  Result 
(mg/L) 

Soike  Result 
(mg/L) 

%  Recovery 

96-3996-02 

W69 

Matrix  Spike  10.0 

2.5 

11.4 

89 

96-3996-02 

W69 

Matrix  Spike  Dup  10.0 

2.5  . 

11.6 

91 

MS/MSD  RPD 


Approved 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

11/10/96 

11/11/96 

11/11/96 

11/11/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-3996 

EPA  300.0 

0.25  mg/L 

Evergreen 
SamDle  # 

Client 
SamDle  ID. 

Matrix 

Sulfate  mn/L 

Dilution 

Factor 

96-3996-02 

W69 

Water 

3.5 

1 

96-3996-02 

Duplicate 

W69 

Duplicate 

Water 

3.6 

1 

96-3996-03 

W71 

Water 

<0.25 

1 

96-3996-04 

W77 

Water 

14.6 

1 

96-3996-06 

W70 

Water 

<0.25 

1 

96-3996-08 

ST24MPKS 

Water 

1.7 

1 

Method  Blank  (11/11/96) 

Water 

<0.25 

Quality  Assurance 


SDike  Amount 
(mg/L) 

SamDle  Result 
(mg/L) 

Spike  Result 
(mg/L) 

%  Recoverv 

96-3996-02 

W69 

Matrix  Spike  1 0.0 

3.5 

12.7 

92 

96-3996-02 

W69 

Matrix  Spike  Dup  10.0 

3.5 

12.8 

93 

MS/MSD  RPD 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Total  Organic  Carbon 


Date  Sampled 

:  11/10/96 

Client  Project  ID. 

729691.32010 

Date  Received 

:  11/11/96 

Lab  Project  Number 

96-3996 

Date  Prepared 

:  11/21/96 

Method 

EPA  415.1 

Date  Analyzed 

:  11/21/96 

Detection  Limit 

1 .0  mg  C/L 

Evergreen 
SamDle  # 

Client 

SamDle  ID. 

Matrix 

TOC  mg  C/L 

Dilution 

Factor 

96-3996-08 

ST24  MPKS 

Water 

<1.0 

1 

96-3996-08 

Duplicate 

ST24  MPKS 
Duplicate 

Water 

<1.0 

1 

Method  Blank 

(11/21/96) 

<1.0 

Quality  Assurance 


Spike  Amount 
(mgC/L) 

Sample  Result 
(mgC/L) 

Spike  Result 
(mgC/L) 

%  Recovery 

96-3996-08 

ST24  MPKS 
Matrix  Spike 

10.0 

<1.0 

10.3 

103 

96-3996-08 

ST24  MPKS 
Matrix  Spike  Dup 

10.0 

<1.0 

10.4 

104 

MS/MSD  RPD 


Analyst 


Approved 


12/64/1996  13:03 


3032787012 


HUFFMAN  LABORATORIES 


PAGE  01 


•TOMER  # 
p2604 


HUFFMAN 


LABORATORIES,  INC. 

Quality  Analytical  Services  Since  1936 
4630  Indiana  Street* Golden,  CO 80403 
Phone:  (303)  278-4455  •  FAX:  (303)  278-7012 


DATE  12/4/96 
LAB#  234196 
P.O.  SEE  BELOI 
BECD  11/20/96 


ANALYSIS  REPORT 


PATTY  MC  CLELLEN 
EVERGREEN  ANALYTICAL,  INC 
4036  YOUNGFIELD  STREET 
WHEAT  RIDGE  CO  80033 

P.O.  #  013549  &  013550/PROJ  96—3990  &  96—3996 


q<o-lW  -02- 

sequence/  01 

SAMPLE  ID  LF6-MPJ  (18#) 


'09 

02 

LF6-MPL  (14-18) 


CARBONATE  C - % - 

TOTAL  CARBON — %  - 

ORGANIC  C - %  - 


*  . 

rOrCtni"  Moibtu/e, 


<0.02 

<0.05 

<0.05 


AMPLES  ARE  NOT  HOMOGENEOUS. 

16-.3  y. 


<0.02 

<0.05 

<0.05 


\H.cP\V. 


^  ioV-  Re>u\V  <T  D.O(o  <  O.Ob 


°[\o-  3^fO-Q3 

03 

ST24-MPF (16-18) 

-  <0.02 

-  <0.05 

-  <0.05 


10.0?'/ 

<:o.oip 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Analysis  Report 

Date  Sampled 

:  11/10/96 

Client  Project  ID. 

:  729691.32010 

Date  Received 

:  11/11/96 

Lab  Project  Number 

:  96-3996 

Date  Prepared 

:  11/14/96 

Method 

:  EPA  310.1 

Date  Analyzed 

:  11/14/96 

Detection  Limit 

:  5.0  mg  CaC03/L 

Evergreen 
SamDle  # 

Client 

Sample  ID. 

Matrix 

Total 

Alkalinitv  (ma  CaC03/LI 

Dilution 

Factor 

96-3996-08 

ST24MPKS 

Water 

9.8 

1 

96-3996-08 

Duplicate 

ST24MPKS 

Duplicate 

Water 

9.9 

1 

Method  Blank 

(11/14/96) 

<5.0 

Quality  Assurance 

Reference  True  Value  Result  %  Recovery 

(mgCaC03/L)  (mgCaC03/L) 

ERA  Minerals  120  112  94 

Lot  #0725-96-11 


Analyst 
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EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 


:  MB2111396 
:  11/13/96 
:  1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number 


729691-32010 
96-4004 
WATER 
TVB21 13007 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/13/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/13/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/13/96 

U 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/13/96 

U 

0.4 

ug/L 

Ethyl  Benzene  ^ 

100-41-4 

11/13/96 

U 

0.4 

ug/L  | 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/13/96 

U 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/13/96 

U 

0.4 

uq/L  1 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/13/96 

U 

0.4 

mm. 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/13/96 

U 

0.4 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/13/96 

U 

0.5 

ug/L 

FID  Surrogate  Recovery: 

100% 

70%-1 26% 

r  m 

PID  Surrogate  Recovery: 

101% 

76%-1 27% 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 


NA  =  Not  Available/Not  Applicable. 
PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 
TVH  =  Total  Volatile  Hydrocarbons. 


Analyst 


Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 

:  MB2111496  Client  Project  Number  :  729691-32010 

:  11/14/96  Lab  Work  Order  :  96-4004 

:  10  Matrix  :  WATER 

Lab  File  Number  :  TVB2113021 


Compound  Name 

Cas  Number 

■99 

RL 

Units 

TVH-Gasoline 

— 

11/14/96 

0.1 

mg/L 

Benzene 

71-43-2 

11/14/96 

u 

0.4 

ug/L 

Toluene 

108-88-3 

11/14/96 

u 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/14/96 

u 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/14/96 

u 

0.4 

ug/L  | 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/14/96 

u 

'  0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/14/96 

u 

0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/14/96 

u 

0.4 

ug/L 

1 ,2,3-T  rimethylbenzene 

526-73-8 

11/14/96 

u 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/14/96 

u 

|  0.5 

ug/L 

_ _ 

ourroyate  Recovery:  88% 

70%- 1 26% 

(Limits) 

-^ouMuyaie  Recovery:  93o/o  76%-127%"  (LiETl 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS; 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

=  Total  Volatile  Hydrocarbons. 


SL  HuL, 

Analyst 

_ _ TVBXWS2P;  TVB4004P.XLS;  11/19/96;  15 


Approved 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 


Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


MB3111396 

11/13/96 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number 


729691-32010 
96-4004 
WATER 
TVB31 1 1 1055 


Analysis 

Compound  Name 

Cas  Number 

Date 

TVH-Gasoline 

.... 

NA 

Benzene 

71-43-2 

11/13/96 

Toluene 

108-88-3 

11/13/96 

Chlorobenzene 

108-90-7 

11/13/96 

Ethyl  Benzene 

100-41-4 

11/13/96 

Total  Xylenes  (m,p,o) 

1 330-20-7 

11/13/96 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/13/96 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/13/96 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/13/96 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/1 3/96 

Sample 

Concentration 


NA 


U 


U 


U 


U 


U 


U 


U 


U 


U 


FID  Surrogate  Recovery: 


PID  Surrogate  Recovery: 


70%-1 26% 


76%-1 27% 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  **  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


L  A 


Analyst  Approved 


TVBXWS2P;  TVB4004P.XLS;  11/19/96;  14 


Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 

:  MEB1 11496  Client  Project  Number  :  729691-32010 

:  11/14/96  Lab  Work  Order  :  96-4004 

:  125  Matrix  :  WATER/MeOH 

Lab  File  Number  :  TVB31  111  084 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

NA 

NA 

r  na 

NA 

Benzene 

71-43-2 

11/14/96 

U 

500 

ug/kg 

Toluene 

108-88-3 

11/14/96 

U 

500 

ug/kg 

Chlorobenzene 

108-90-7 

11/14/96 

r  u 

500 

ug/kg 

Ethyl  Benzene 

100-41-4 

11/14/96 

U 

500 

ug/kg 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/14/96 

U 

500 

ug/kg 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/14/96 

U 

500 

ug/kg 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/14/96 

U 

500 

ug/kg 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/14/96 

U 

500 

ug/kg 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/14/96 

U 

625 

ug/kg 

Int 

^■Surrogate  Recovery:  NA 

50%-1 50% 

(Limits) 

— c  surrogate  recovery:  93o/o  50%-150%  (Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

=  Total  Volatile  Hydrocarbons. 


M 

Analyst 

TVBXWS2P;TVB4004P.XLS;  11/19/96;  16 


Approved 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 

Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPK(D) 

96-4004-01 

11/11/96 

11/12/96 

11/13/96 

1.0 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691-32010 
96-4004 
WATER 
TVB21 13008 
MB2111396 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/13/96 

u 

0.1 

mg/L  ! 

Benzene 

71-43-2 

11/13/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/13/96 

U 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/13/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

1 1/13/96 

U 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/13/96 

U 

0.4 

ug/L 

1,3,5-Trimethylbenzene 

108-67-8 

11/13/96 

U 

0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/13/96 

U 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/13/96 

U 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/13/96 

U 

0.5 

■ 

FID  Surrogate  Recovery: 

93% 

70%-1 26% 

(□IF 

PID  Surrogate  Recovery: 

98% 

76%-1 27% 

(Limits)  j 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


Reporting  Limit. 


Analyst 


Approved 


TVBXWS2P:TVB4004P.XLS:  11/19/96:  2 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPA(9’-1 1  ’) 

96-4004-02 

11/11/96 

11/12/96 

11/13/96 

5.0 

5.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 
Soil  Extracted? 

Soil  moisture 


729691-32010 

96-4004 

SOIL 

TVB31  111  071 

MB3111196 

NO 

10.71% 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzene 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


,3,4-TetramethyIbenzene 


Cas  Number 


71-43-2 


108-88-3 


108-90-7 


100-41-4 


1 330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Analysis 

Date 


NA 


11/13/96 


11/13/96 


11/13/96 


11/13/96 


11/13/96 


11/13/96 


11/13/96 


11/13/96 


11/13/96 


Sample# 

Concentration 


NA 


Surrogate  Recovery: 


PID  Surrogate  Recovery: 


123% 


RL# 

Units 

NA 

NA 

2.0 

ug/kg 

2.0 

ug/kg 

2.0 

ug/kg 

2.0 

ug/kg 

2.0 

ug/kg 

2.0 

ug/kg 

2.0 

ug/kg 

2.0 

ug/kg 

2.5 

ug/kg 

50%-1 50% 

(Limits) 

50%-1 50% 

(Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments:  +  «  1,2,4-TMB  was  reanalyzed  at  DF=125  (TVB311 11085/MEBm496)  resulting 

_ in  undetected  (U)  results.  The  sample  was  probably  not  homogeneous. _ 

_ #  Based  on  dry  weight. _ 


E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 


Analyst  Approved 


TVBXWS2P; TVB4004P.XLS;  11/20/96:  3 


SAMPLE  Number 
%  WET  SOIL 
Dilution  Factor 
Lab  File  No. 

Compound  Name 

TVH-Gasoline 

Benzene 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m,p-Xylene 

o-Xylene 

TOTAL  XYLENE 

1,3,5-Trimethylbenzene 

1 .2.4- T  rimethylbenzene 
1,2,3-Trimethylbenzene 

1 .2.3.4- Tetramethylbenzene 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


ST24-MPA(9'-11’) 

10.71%  / 

5.0 

96-4^004-02  0 


Number  ug/Kg  %  DRY  . 

0.0 


71-43-2 

108-88-3 

0^^ 

108-90-7 

100-41-4 

y{ 

108-38-3 

106-42-3 

95-47-6 

16.0  S 

10.3  / 

108-67-8 

345.0  ( 

95-63-6 

752.1  / 

526-73-8 

280.1  / 

488-23-3 

110.0 

u.(p  "2^ 


0.0 


386^4 

842.3 

313.7 

123.2 


DRY4004.XLS;  11/19/96 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPE 

96-4004-03 

11/11/96 

11/12/96 

11/13,14/96 

1.0 

1.0;  10 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blanks 


729691-32010 

96-4004 

WATER 

TVB21 1301 1,025 
MB21 11396, 
MB21 11496 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/13/96 

1.5 

0.1 

mg/L 

Benzene 

71-43-2 

11/1 3/96 

73 

0.4 

ug/L 

Toluene 

108-88-3 

11/13/96 

2.0 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/13/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/14/96 

99 

!  4.0 

ug/L 

Total  Xylenes  (m,p,o) 

1 330-20-7 

11/1 3/96 

1.2 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/13/96 

1.7 

0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/13/96 

2.2 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/13/96 

1.3 

0.4 

ug/L 

1^2,3,4-Tetramethylbenzene 

488-23-3 

11/1 3/96 

68 

0.5 

ug/L 

m _ _ _ 

■ffb  surrogate  Recovery:  145%  *  70%-126% 

(Limits) 

inV  surrogate  Recovery:  133%  *;  98%  76%-127%  (Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments:  *=  High  Surrogate  Recovery  due  to  hydrocarbon  interference. 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Availabie/Not  Applicable. 

PID  =  Photoionization  detector. 

=  Flame  ionization  detector. 

=  Total  Volatile  Hydrocarbons. 


Analyst 


Approved 


TVBXWS2P;TV B4004P.XLS;  11/20/96:  4 


EVERGREEN  ANALYTICAL,  INC, 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPA 

96-4004-04 

11/11/96 

11/12/96 

11/13,14/96 

1.0 

1.0;  100 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blanks 


729691-32010 

96-4004 

WATER 

TVB2 113013,026 
MB21 11396, 
MB2111496 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

ITVH-Gasoline 

— 

11/14/96 

2.0 

0.1 

mg/L 

Benzene 

71-43-2 

11/14/96 

43 

0.4 

ug/L 

Toluene 

108-88-3 

11/14/96 

470 

40 

ug/L 

Chlorobenzene 

108-90-7 

11/14/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/14/96 

45 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1 330-20-7 

11/14/96 

140 

40 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/14/96 

23 

0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/14/96 

70 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/14/96 

21 

0.4 

ua/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/14/96 

9.6 

0.5 

IIFID  Surrogate  Recovery:  104% 

70%-1 26% 

liriu  surrogate  recovery:  104%;  97%  76%-127%  (Limits)" 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 

Mdt- 

Analyst 


TVBXWS2P;TV B4004P.XLS;  11/20/96;  5 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPG 

96-4004-05 

11/11/96 

11/12/96 

11/13/96 

1.0 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691-32010 
96-4004 
WATER 
TVB21 13014 
MB21 11396 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/14/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/14/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/14/96 

U 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/14/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/14/96 

U 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/14/96 

U 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/14/96 

U 

0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/14/96 

U 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/14/96 

U 

0.4 

ug/L 

|^2,3,4-Tetramethylbenzene 

488-23-3 

11/14/96 

U 

f  0.5 

ug/L 

^  1  n  Irmno+Q  DonrnmrtM 

[PIP  Surrogate  Recovery: 


101% 


76%-127%  (Limits) 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

=  Flame  ionization  detector. 

=  Total  Volatile  Hydrocarbons. 


Analyst 


Approved 

TVBXWS2P; TVB4004P.XLS;  11/19/96;  6 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-W70(D) 

96-4004-06 

11/11/96 

11/12/96 

11/13,14/96 

1.0 

1.0;  100 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blanks 


729691-32010 

96-4004 

WATER 

TVB21 1301 9,28 
MB2111396, 
MB21 11496 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/14/96 

2.8 

0.1 

mg/L 

Benzene 

71-43-2 

11/14/96 

230 

40 

ug/L 

Toluene 

108-88-3 

11/14/96 

11 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/14/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/14/96 

120 

40 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/14/96 

240 

40 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/14/96 

54 

0.4 

ug/L 

1,2,4-Trimethylbenzene 

95-63-6 

11/14/96 

270 

40 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/14/96 

60 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/14/96 

31 

0.5 

FID  Surrogate  Recovery: 

114% 

70%-126% 

(cPr 

PID  Surrogate  Recovery: 

106%;  97% 

76%-1 27% 

(Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 


RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 
PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 
TVH  =  Total  Volatile  Hydrocarbons. 


Analyst 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


TRIP  BLANK#3 

96-4004-07 

NA 

11/1 2/96 
11/14/96 
1.0 
1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691-32010 
96-4004 
WATER 
TVB21 13024 
MB21 11496 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzene 


1 ,2, 4-Trimethyl  benzene 


1 ,2,3-Trimethylbenzene 


2,3,4-Tetramethylbenzene 


D  Surrogate  Recovery: 
PID  Surrogate  Recovery: 


Cas  Number 


71-43-2 


1 08-88-3 


108-90-7 


100-41-4 


1 330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Analysis 

Date 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


11/14/96 


Sample 

Concentration 


RL 

Units 

0.1 

mg/L 

0.4 

ug/L 

0.4 

ug/L 

0.4 

ug/L 

0.4 

ug/L 

0.4 

ug/L 

0.4 

ug/L 

0.4 

ug/L 

0.4 

ug/L 

0.5 

ug/L  ] 

70%-126%  (Limits) 
76%-1 27%  (Limits) 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

HD  =  Flame  ionization  detector. 

=  Total  Volatile  Hydrocarbons. 


Analyst 


Approved 

TVBXWS2P;  TVB4004P.XLS;  11/21/96:  8 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS 


(TVH  as  Gasoline) 


TVH  Matrix  Spike/Matrix  Spike  Duplicate  Data  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Instrument  Name 


ST24-MPK(D) 

96-4004-01 

11/11/96 

11/12/96 

11/14/96 

11/14/96 

TVHBTEX2 


Client  Project  No. 
Lab  Work  Order 
EPA  Method  No. 
Matrix 

Lab  File  Number(s) 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4004 _ 

5030/801 5  Modified 
WATER 

TVB211 3009,010 
MB21 11496  • 

1.0 


Compound 

Spike 

Added 

(mg/L) 

Sample 

Concentration 

(mg/L) 

MS 

Concentration 

(mg/L) 

MS 

%REC 

QC  (#) 
Limits 

%REC 

Gasoline 

2.00 

0.00 

1.92 

96.1% 

55  -  128 

Surrogate  ** 

- — 

— 

— 

109% 

70  -  130 

Compound 

Spike 

Added 

(mg/L) 

MSD 

Concentration 

(mg/L) 

MSD 

%REC 

RPD 

■j 

Limits 

RPD 

%REC 

Gasoline 

2.00 

2.00 

100.1% 

4.0 

50 

50  -  150 

Surrogate  ** 

— 

112% 

NA 

NA 

70  -  130 

RPD:  0  out  of  (1)  outside  limits. 

Spike  Recovery:  0  out  of  (2)  outside  limits. 

Notes: 

NA  as  Not  analyzed/not  applicable. 

#  =  Values  outside  of  QC  limits. 

**  =  1,2,4-Trichlorobenzene 


Comments: 


MSTVHWS3;MSTV4004.XLS;  11/19/96 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


EPA  602/8020  Matrix  Spike/Matrix  Spike  Duplicate  Data  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Instrument  Name 


ST24-MPG 

96-4004-05 

11/11/96 

11/12/96 

11/13,14/96 

11/14/96 

TVHBTEX2 


Client  Project  No. 
Lab  Work  Order 
EPA  Method  No. 
Matrix 

Lab  File  Number(s) 
Method  Blanks 
Dilution  Factor 


729691-32010 

96-4004 _ 

602/8020 

WATER _ 

TVB21 13022,16 
MB211 13/1496 
1.0 


Compound 


Benzene 


Toluene 


Chlorobenzene 


Ethylbenzene 


m,p-Xy!ene 


o-Xylene 


1 ,3,5-TMB 


1 ,2,4-TMB 


1,2,3-TMB 


1,2,3,4-TeMB 


Surrogate 


Spike 

Added 

(ug/L) 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


20.0 


100.0 


Sample 

Concentration 

(ug/L) 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


101% 


Concentration 

(ug/L) 


MS 


21.7 


21.0 


20.9 


21.1 


21.1 


20.9 


14.4 


20.2 


20.9 


20.2 


102% 


MSD 


20.5 


19.8 


19.5 


19.8 


19.8 


19.6 


11.1 


18.7 


19.1 


18.1 


92% 


Comments 


%  RECOVERY 


Compound 


Benzene 


Toluene 


Chlorobenzene 


Ethylbenzene 


m,p-Xylene 


o-Xylene 


1 ,3,5-TMB 


1 ,2,4-TMB 


1,2,3-TMB 


1,2,3,4-TeMB 


Surrogate 


MS 

% 

RECOVERY 


108.5 


105.0 


104.5 


105.5 


105.5 


104.5 


72.0 


101.0 


104.5 


101.0 


102.0 


MSD 

% 

RECOVERY 


102.5 


99.0 


97.5 


99.0 


99.0 


98.0 


55.5 


93.5 


95.5 


90.5 


92.0 


17 

61 

18 

61 

16 

68 

18 

63 

18 

60 

18 

62 

18 

69 

23 

69 

16 

71 

27 

67 

NA 

76 

QC# 

Limits 


%REC 


129 


127 


122 


126 


130 


»=  Limits  established  10/15/96,  KSH 
*  =  Values  outside  of  QC  limits. 


RPD: 

Spike  Recovery: 


out  of  (10)  outside  limits, 
out  of  (20)  outside  limits. 


MSBTMB2iMSB4004.XLS;  11/20/96 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m,p-Xylene 

o-Xylene 

MTBE 

1 ,3,5-Trimethylbenzene 
1  «2,4-Trimethylbenzene 
1 ,2,3-Trimethylbenzene 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
<303}  425-6021 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

:  LCS31 1 1 396-BTEX 
:  11/13/96 
:  11/13/96 


:  20.0 


Cas 

Number 
71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-044 

108-67-8 

95-63-6 

526-73-8 

488-23-3 


LCS 

Concentration 
(ug/L) 
19.1 

18.9 

17.6 

19.0 

37.4 

18.9 

20.0 

19.5 

17.9 

21.9 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 

LCS 

% 

Recovery 

95.5 

94.5 
88.0 
95.0 

93.5 

94.5 

100.0 

97.5 

89.5 

109.5 

95.5 


NOTES: 


m,p-xylene  =  40.0  ppb  spike 


range. 


QUALIFIERS: 

E  «=  Extrapolated  value.  Value  exceeds  that  of  the  calibration 
U  -  Compound  analyzed  for,  but  not  detected. 

ma=  ?TP°U?dJ°“nd  ln  b,ank  and  samP,e-  Compare  blank  and  sample  data. 

NA  *=  Not  available/Not  analyzed. 


1.00 


602/8020 


Water 


TVB31 1 11054 

QC  Limit 
%  Recovery 
50-  150 

50-  150 

50-  150 

50  -  150 

50-  150 

50-  15 

50-  150 

50-  150 

50-  150 

50  -  150 


Analyst 


Approved 


evergreen  ANALYTICAL.  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


LCS  Number 
Oate  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m.p-Xylene 


ne 


MTBE 

1 ,3, 5-Trim  ethyl  benzene 

1 .2.4- Trimethylbenzene 
1 ,2,3-Trimethylbenzene 

1 .2.3.4- Tetramethylbenzene 
Surrogate  Recovery: 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

:  LCS31 1 1496-BTEX 
:  11/14/96 


:  11/14/96 


20.0 


Cas 

Number 


LCS  ' 
Concentration 
(ug/L) 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


LCS 

Vo 


71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-04-4 

108-67-8 

95-63-6 

526-73-8 

488-23-3 


Recovery 


18.8 

18.5 

17.5 
18.8 
40.0 
18.8 
20.2 

19.6 
18.0 

21.9 

19.9 
"99%" 


94.0 

92.5 

87.5 
94.0 
100.0 
94.0 
101.0 
98.0 
90.0 

109.5 

99.5 


1.00 


602/8020 


Water 


TVB31111086 


QC  Limit 
%  Recovery 


50  -  150 

50  -  150 

50  -  150 

50  -  150 

50-  150 

50  -  150 

50-  150 

50  -  150 

50  -  150 

50  -  150 

50  -  150 
70-  130 


NOTES: 


m.p-xylene  =  40.0  ppb  spike. 


QUALIFIERS: 

E  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B^jPoniPound  found  in  blank  and  sample.  Compare  blank  and  sample  data. 
f^Blot  available/Not  analyzed. 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
Laboratory  Control  Sample  (LCS) 


LCS  Number 

Date  Prepared 

:  LCS21 11 396-GAS 
:  11/13/96 

Matrix 

:  WATER 

Method  Numbers 

:  EPA  5030/: 

315  Modified 

Date  Analyzed 

Lab  File  Number(s) 

:  11/13/96 

Instrument  Name 

:  TVHBTEX2 

:  TVB2 113003 

Compound 

Name 

Theoretical 

Concentration 

(mg/L) 

LCS 

Concentration 

(mg/L) 

LCS 

% 

Recovery 

QC  Limit 
%  Recovery 

Gasoline 

2.00 

2.16 

108.0 

81  -  128 

Surrogate  Recovery: 


123% 


QUALIFIERS 

B  =  TVH  as  Gasoline  found  in  blank  also. 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 
NA  =  Not  Available/Not  Applicable. 

**  =  Limits  established  10/1/96  for  TVHBTEX2.  MAB 


LCSTVH2;LCS21 1 1 3.XLS;  2:40  PM;  11/18/96 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m,p-Xylene 

ne 

MTBE 

1 ,3,5-Trimethylbenzene 
1  ,2,4-Trimethylbenzene 
1 ,2, 3-Trimethyl  benzene 
1 ,2,3,4-Tetramethylbenzene 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303»  425-6021 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

LCS21 1 1 396-BTEX 


:  11/13/96 


:  11/13/96 


20.0 


Cas 
Number 
71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-04-4 

108-67-8 

95-63-6 

526-73-8 

488-23-3 


LCS 

Concentration 
(ug/L) 
20.8 

20.3 

18.3 
19.9 

38.6 

20.1 

21.4 
19.8 
18.2 

22.6 
on  n 


Dilution  Factor 
Method 
Matrix 
Lab  RIe  No. 

LCS 

% 

Recovery 
104.0 

101.5 

91.5 

99.5 

96.5 

100.5 
107.0 
99.0 
91.0 
113.0 

1  rtO  TT 


=  40.0  ppb  spike 


QUALIFIERS: 

^  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B^^°mP°und  found  in  blank  and  sample.  Compare  blank  and  sample  data. 
N^BNot  available/Not  analyzed. 

^^^Pimits  established  10/1/96  for  TVHBTEX2.  MAB 


1.00 


602/8020 


Water 


TVB21 1 3004 

QC  Limit** 
%  Recovery 
75  -  116 

75  -  118 
73  -  115 
80-  122 

76  -  120 
76  -  118 
75-115 
64  -  118 

75  -  111 
82  -  127 

72  -  131 

76  -  127 


Approved 


irCDV\uco,irn^.M^  y/,  ^ 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


T  1 
L  A 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
Laboratory  Control  Sample  (LCS) 


LCS  Number  LCS21 1 1496-GAS  Matrix 

Date  Prepared  :  11/14/96  Method  Numbers 

Date  Analyzed  :  11/14/96 _  Instrument  Name 

Lab  File  Number(s)  :  TVB21 13030 


:  WATER _ _ 

:  EPA  5030/8015  Modified 
:  TVHBTEX2 


Compound 
Name  . 


Theoretical  LCS 

Concentration  Concentration 

(mg/L) _  (mg/L) 


Gasoline 


2.00 


2.26 


LCS 

% 

QC  Limit 

Recovery 

%  Recovery 

112.9 

81  -  128 

QUALIFIERS 

B  =  TVH  as  Gasoline  found  in  blank  also. 

^  “  Extrapolated  value.  Value  exceeds  calibration  range 
NA  =  Not  Available/Not  Applicable. 

**  =  Limits  established  10/1/96  for  TVHBTEX2.  MAB 


LCSTVH2;LCS21 1 14.XLS;  9:04  AM;  11/1 8/96 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene 

Toluene 

Chlorobenzene 

Ethyl  Benzene 


m,p-Xy!ene 


MTBE 


1 ,3,5-Trimethylbenzene 

1 .2.4- Trimethylbenzene 
1 ,2,3-Trimethylbenzene 

1 .2.3.4- Tetramethylbenzene 
Surrogate  Recovery: 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

LCS21 1 1 496-BTEX 
11/14/96 
11/14/96 
20.0 


Cas 

Number 

71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-04-4 

108-67-8 

95-63-6 

526-73-8 


488-23-3 


LCS 

Concentration 

(ug/L) 

21.1 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 

LCS 

% 

Recovery 

105.5 

102.5 


101.5 


103.0 


100.5 


104.5 


115.5 


100% 


1.00 _ 

602/8020 

Water _ 

TVB21 13031 


QC  Limit** 
%  Recovery 
75  -  116 

75  -  118 
‘73-115 

80  -  122 

76  -  120 
76  -  118 
75  -  115 
64-  118 
75  -  111 
82  -  127 
72  -  131 


76  -  127 


NOTES: 


m,p-xylene  =  40.0  ppb  spike. 


QUALIFIERS: 

E  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  «=  Compound  analyzed  for,  but  not  detected. 

8  ^^omPound  found  in  blank  and  sample.  Compare  blank  and  sample  data. 
N^^Bjot  available/Not  analyzed. 

'^I^imits  established  10/1/96  for  TVHBTEX2.  MAB 


Analyst 


Approved 


iA. 


i  rcnvwcT.i  crem  i 


Method  Blank 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Method  8010  Chlorinated  VOC’s  Method  Blank  Report 


RBI 11 896 

11/18/96 

11/18/96 


Client  Project  No. 
Lab  Project  No. 
Lab  File  No. 


729691-32010 

96-4004 

HALL1 1 1 8\01 2F01 01 


Compound _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) 


Concentration  (ug/L) 
U 
U 
U 
U 
U 


RL(ug/L) 


70%  -  130%  (QC  limits) 


QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  ■=  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  -  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


HLW4004.XLS;  11/25/96 


Method  Blank 
Date  Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 

Method  601/8010  Chlorinated  VOC’s  Method  Blank  Report 

:  RB1 12096  Client  Project  No.  :  729691-32010 

:  1 1/20/96  Lab  Project  No.  :  96-4004 

:  11/20/96  Lab  File  No.  :  HALL1120\004F0101 


Compound 


Vinyl  Chloride 
Chloroethane 

1.1- Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1.1- Dichloroethane 
cis-1 ,2-Dichloroethene 

1.1. 1- T richloroethane 
Carbon  Tetrachloride 
Trichloroethene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 


Concentration  (ug/L) 
U 
U 
U 
U 
U 


RL(ug/L) 

0.4 

0.4 

0.4 

0.4 

0.4 


75-34-3 

156-59-4 

71-55-6 

56-23-5 


U 

U 

U 

U 


0.4 

0.4 

0.4 

0.4 


1 , 1 ,2-Trichloroethane 

79-00-5 

u 

U.H 

0.4 
0.4 
0.4 
O  42 

Tetrachloroethene 

127-18-4 

u 

1,1,1 ,2-Tetrachloroethane 

79-00-5 

u 

Chlorobenzene 

108-90-7 

u 

1 ,1 ,2,2-Tetrachloroethane 

k.O-Phlrtfn+oli  a 

79-34-5 

ner  a  n  o 

u 

0.54 

-Chlorotoluene 
,3-Dichlorobenzene 
1 ,2-Dichlorobenzene 


106-49-8 

541-73-1 

95-50-1 


U 

u 

u 


0.4 

0.4 

0.4 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  88%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge.  CO  80033 
1303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


ST24-MPK(D) 

96-4004-01 

11/11/96 

11/12/96 

11/20/96 

11/20/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4004 

Water 

HALL1 120\021F0101 
RB1 12096 
1.0 


Compound 

CAS# 

Concentration  (ua/L) 

RL  (ug/L) 

Vinyl  Chloride 

75-01-4 

U 

0  4 

Chloroethane 

75-00-3 

U 

0  4 

1 , 1  -Dichloroethene 

75-35-4 

U 

0  4 

Dichloromethane 

75-09-2 

U 

WiT 

0  4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

W*“ 

0.4 

1,1-Dichloroethane 

75-34-3 

U 

0  4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0  4 

1 ,1 ,1-Trichloroethane 

71-55-6 

U 

0  4 

Carbon  Tetrachloride 

56-23-5 

U 

0  4 

Trichloroethene 

79-01-6 

U 

v«“ 

0.4 

1 , 1 ,2-Trichloroethane 

79-00-5 

U 

0  4 

Tetrachloroethene 

127-18-4 

U 

V*T 

0  4 

1,1,1 ,2-T etrachloroethane 

79-00-5 

U 

»*T 

0  4 

Chlorobenzene 

108-90-7 

U 

w»H 

0.42 

1,1,2,2-Tetrachloroethane 

79-34-5 

u 

0.54 

2-Chlorotoluene 

95-49-8 

u 

0  4 

4-Chlorotoluene 

106-49-8 

u 

0  4 

1 ,3-Dichlorobenzene 

541-73-1 

u 

0  4 

1 ,2-Dichlorobenzene 

95-50-1 

u 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  76%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  *=*  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  *=  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No.  : 

Lab  Sample  No.  : 

Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed  : 

Percent  Moisture  : 

Compound _ 

Vinyl  Chloride 
Chloroethane 

1.1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 
1,1-Dichloroethane 
cis-1 ,2-Dichloroethene 

1 . 1 . 1  -T richloroethane 
Carbon  Tetrachloride 

Trichloroethene _ 

1 ,1 ,2-Trichloroethane 
Tetrachloroethene 


ST24-MPA(9'-1 1  *) 

96-4004-02 

11/11/96 

11/12/96 

11/20/96 

11/20/96 

10.71 

CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 

_ 156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

_ 79-01-6 

79-00-5 

127-18-4 


1 ,1 ,1 ,2-Tetrachloroethane 

Chlorobenzene 

.1 ,1 ,2,2-Tetrachloroethane 


_ _ 

K-Chlorotoluene 

^-Chlorotoluene 
1 ,3-Dichlorobenzene 
1 ,2-Dichlorobenzene 


79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4004 

SOIL 

HALL1 1 20\01 6F01 01 
RB1 12096 
1.1 


Concentration(ug/Kg)  RL(ug/Kg) 

u  0.45 

u  0.45 

u  0.45 

u  0.45 

_ y _ 0.45 

u  0.45 

u  0.45 

u  0.45 

u  0.45 

_ U _ 0.45 

u  0.45 

u  0.45 

u  0.45 

u  0.47 

_ y _ _ 06 

u  0.45 

u  0.45 

u  0.45 

u  0.45 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  88%  70%  -  130%  (QC  limits) 

QUAURERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  *»  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's 


Sample  Report 


ST24-MPE 

96-4004-03 

11/11/96 

11/12/96 

11/18/96 

11/19/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4004 

Water 

HALL1 1 1 8\033F01 01 
RBI 11 896 
1.0 


Compound _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 .1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1.1.1  -Trichloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 . 1 .2- Ti richloroethane 
Tetrachloroethene 

1 .1 .1 .2- Tetrachloroethane 
Chlorobenzene 

1.1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 

-# 

0.4 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  85%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  *=  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

Compound _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 


ST24-MPA 

96-4004-04 

11/11/96 

11/12/96 

11/18/96 

11/19/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4004 

Water 

HALL1 1 1 8\034F01 01 
RB1 11 896 
1.0 


CAS# 


75-01-4 

75-00-3 

75-35-4 

75-09-2 


Concentration  (ug/L) 
U 
U 

u 

u 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 


trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1,1-Dichloroethane 

75-34-3 

U 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0.4 

1,1,1  -Trichloroethane 

71-55-6 

U 

0  4 

Carbon  Tetrachloride 

56-23-5 

U 

0.4 

Trichloroethene 

79-01-6 

U 

0.4 

1 ,1 ,2-Trichloroethane 

79-00-5 

U 

0.4 

Tetrachloroethene 

127-18-4 

U 

0  4 

1,1,1 ,2-Tetrachloroethane 

79-00-5 

U 

0  4 

Chlorobenzene 

108-90-7 

U 

V*T 

0.42 

||,1 ,2,2-Tetrachloroethane 

79-34-5 

U 

0.54 

B-Chlorotoluene 

95-49-8 

U 

0,4 

^-Chlorotoluene 

106-49-8 

U 

0.4 

1 ,3-Dichlorobenzene 

541-73-1 

U 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

U 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  81%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  **  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  «  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC’s 


Sample  Report 


ST24-MPG 

96-4004-05 

11/11/96 

11/12/96 

11/18/96 

11/19/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4004 

Water 

HALL1 1 1 8\035F01 01 
RB1 11896 
1.0 


Compound _ 

Vinyl  Chloride 
Chloroethane 

1.1- Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1.1- Dichloroethane 

cis-1 ,2-Dichloroethene 
1 ,1 ,1  -Trichloroethane 
Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- Tetrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-ChIorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 

U 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 

0.4 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  84%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  >=  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No.  : 

ST24-W70ID) 

Client  Project  No. 

729691-32010 

Lab  Sample  No.  : 

96-4004-06 

Lab  Project  No. 

96-4004 

Date  Sampled  : 

11/11/96 

Matrix 

Water 

Date  Received  : 

11/12/96 

Lab  File  No. 

HALL1 1 1 8\036F01 01 

Date  Prepared  : 

11/18/96 

Method  Blank 

RBI 11 896 

Date  Analyzed  : 

11/19/96 

Dilution  Factor 

1.0 

Compound 

CAS  # 

Concentration  (ug/L) 

RL  (ug/U 

Vinyl  Chloride 

75-01-4 

U 

0.4 

Chloroethane 

75-00-3 

U 

0.4 

1 , 1  -Dichloroethene 

75-35-4 

u 

0.4 

Dichloromethane 

75-09-2 

u 

0.4 

trans-1 ,2-Dichloroethene 

156-60-5 

u 

0.4 

1 ,1  -Dichloroethane 

75-34-3 

u 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

u 

- 

0.4 

1 , 1 , 1  -T richloroethane 

71-55-6 

u 

0.4 

Carbon  Tetrachloride 

56-23-5 

u 

0.4 

Trichloroethene 

79-01-6 

u 

0.4 

1 ,1 ,2-Trichloroethane 

79-00-5 

u 

0.4 

T etrachloroethene 

127-18-4 

u 

0.4 

1,1,1 ,2-Tetrachloroethane 

79-00-5 

u 

0.4 

Chlorobenzene 

108-90-7 

u 

0.42 

^1 ,2,2-Tetrachloroethane 

79-34-5 

u 

0.54 

VChlorotoluene 

95-49-8 

u 

0.4 

4-Chlorotoluene 

106-49-8 

• 

u 

0.4 

1 ,3-Dichlorobenzene 

541-73-1 

u 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

u 

0.4 

Surrogate  Recovery  (1-Chloro-2-Ruoro-Benzene) :  82%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  -  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  «  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(3031  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's 


Sample  Report 


Trip  Blank  #3 

96-4004-07 

11/11/96 

11/12/96 

11/20/96 

11/20/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4004 

Water 

HALL1 1 20\022F01 01 
RB1 12096 
1.0 


Compound 

CAS# 

Concentration  (ug/L) 

RL  (ug/L) 

Vinyl  Chloride 

75-01-4 

U 

0.4 

Chloroethane 

75-00-3 

U 

0.4 

1,1-Dichloroethene 

75-35-4 

U 

0.4 

Dichloromethane 

75-09-2 

U 

0.4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1,1-Dichloroethane 

75-34-3 

U 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0.4 

1 , 1 , 1  -T  richtoroethane 

71-55-6 

U 

0.4 

Carbon  Tetrachloride 

56-23-5 

U 

0.4 

Trichloroethene 

79-01-6 

U 

0.4 

1 , 1 ,2-Trichloroethane 

79-00-5 

U 

0.4 

T etrachloroethene 

127-18-4 

U 

0.4 

1 , 1 ,1 ,2-Tetrachloroethane 

79-00-5 

U 

0.4 

Chlorobenzene 

108-90-7 

U 

0.42 

1 , 1 ,2,2-Tetrachloroethane 

79-34-5 

U 

0.5Jfl 

2-Chlorotoluene 

95-49-8 

U 

ofl 

4-Chlorotoluene 

106-49-8 

U 

of 

1 ,3-Dichlorobenzene 

541-73-1 

U 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

U 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  80%  '  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  *=  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  -  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  ■*  Reporting  Limit  (at  or  above  method  detection  limit). 


Method  Blank  Number 
Date  Extracted/Prepared 
Date  Analyzed 


Compound  Name 


Methane 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methane  Report  Form 
Method  Blank  Report 

:  GB1 1 1 496  Client  Project  No. 

:  11/14/96  Lab  Work  Order 

:  11/14/96  Dilution  Factor 

Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4004 

1.00 

RSKSOP-175M 

Water 

GAS11 14002 


Sample 

Cas  Number  Concentration  RL 

- - m9^- _  mg/L 


74-82-8 


U 


0.002 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected 
B  =  Compound  also  found  in  the  blank. 

R^^  Reporting  Limit. 

LNot  Available/Not  Applicable. 


Analyst 


Approved 


AF4004.XLS 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Compound  Name 


Methane 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methane  Report  Form 


ST24-MPK(D) 

96-4004-01 

11/11/96 

11/12/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


Sample 

Cas  Number  Concentration 

_ _ mg/L 


729691.32010 

96-4004 

1.00 

RSKSOP-175M 

Water 


GAS11 14029 


RL 

mg/L 


74-82-8 


U 


0.002 


Temperature  : 

71.6  F 

Saturation 

Meth 

Amount  Injected  : 

0.5  ml 

Concentration 

Total  Volume  of  Sample  : 

43  ml 

Concentration 

Meth 

Head  space  created  : 

4  ml 

in  Head  Space 

Methane  Area  : 

0  ug 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


AF4004.XLS 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methane  Report  Form 


ST24-MPE 

96-4004-03 

11/11/96 

11/12/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4004 

1.00 

RSKSOP-175M 

Water 

GAS11 14030 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ _ mg/L 


RL 

mg/L 


74-82-8 


0.043 


0.002 


Iperature 
Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


71 .7  F  Saturation  Meth 

0.5  ml  Concentration 

_ 43  ml  Concentration  Meth 

4  ml  in  Head  Space 
241.457  ug 


0.010383236 


0.032733768 


Atomic  weight(Methane) 


16  g 


Qualifiers 

E  -  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

#  Reporting  Limit. 

Not  Available/Not  Applicable. 


Analyst 


Approved 


AF4004.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


ST24-MPA 

96-4004-04 

11/11/96 

11/12/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4004 

1.00 

RSKSOP-175M 

Water 


GAS11 14031 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ _  mg/L 


RL 

mg/L 


74-82-8 


0.120 


0.002 


Temperature  : 

72  F 

Saturation  Meth 

0,0^^ 

Amount  Injected  :  ~ 

0.5  ml 

Concentration  ~” 

Total  Volume  of  Sample  : 

43  ml 

Concentration  Meth 

0.0910251 

Head  space  created  : 

4  ml 

in  Head  Space 

Methane  Area  :  ~~ 

671.816  uo 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


Analyst 


7 


Approved 


AF4004.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


ST24-MPA 

96-4004-04Dup 

11/11/96 

11/12/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4004 

1.00 

RSKSOP-175M 

Water 

GAS11 14032 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration  RL 

_ _ m  9^- _  mg/L 


74-82-8 


0.119 


0.002 


erature 

Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


71.9  F 

Saturation 

Meth 

0.02861394 

0.5  ml 
43  ml 

Concentration 

Concentration 

Meth 

0.09017319 

4  ml 

in  Head  Space 

665.403  ug 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

fNot  Available/Not  Applicable. 


AF4004.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


ST24-MPG 

96-4004-05 

11/11/96 

11/12/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729  “91 .32010 
96-'  >04 
1 X 


RSi  30P-175M 
W.  ter 

C  -.S1 11 4033 


Compound  Name 


Methane 


Cas  Number 


Sample 

Concentration 

mg/L 


RL 

mg/L 


74-82-8 


U 


0.002 


Temperature  : 

72.4  F 

Saturation 

Meth 

Amount  Injected  : 

0.5  ml 

Concentration 

Total  Volume  of  Sample  : 

43  ml 

Concentration 

Meth 

Head  space  created  : 

4  ml 

in  Head  Space 

Methane  Area  : 

0  ug 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


Analyst 


AF4004.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


ST24-W70(D) 

96-4004-06 

11/11/96 

11/12/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4004 

1.00 

RSKSOP-175M 

Water 

GAS11 14034 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ _ mg/L 


RL 

mg/L 


74-82-8 


0.093 


0.002 


erature 

Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


73.3  F  Saturation  Meth 

_ 0.5  ml  Concentration 

_ 43_ml  Concentration  Meth 

_ 4_ml  in  Head  Space _ 

522.885  ug  ~ 


0.022485321 


0.0706734 


Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 


Analyst 


AF4004.XLS 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


RSKSOP-175M  Gas  Method 


Methane,  Ethane,  Ethene  LCS  Report  Form 


LCS  No. 

Date  Prepared 
Date  Analyzed 
E.A.  LCS  Source  No. 


LCS1 11496 
11/14/96 
11/14/96 
1719 


EPA  Method  No. 
Matrix 

Method  Blank 
Lab  File  No. 


RSKSOP-175M 
Water 
GB111496 
GAS11 14010 


Compound 

Spike 

Added 

(ug) 

Method  Blank 
Concentration 
(ug) 

LCS 

Concentration 

(ug) 

LCS 

%REC 

QC 

Limits 

%REC 

Methane  Gas 

500 

0 

370 

74 

64-90 

Ethene  Gas 

500 

0 

213  1 

43 

37-58 

Ethane  Gas 

500 

0 

321 

64 

53-83 

Spike  Recovery:  0  out  of  (3)  outside  limits. 


Note:  The  LCS  was  made  by  taking  the  sample  and  displacing  4ml  of  headspace  with  a  1  % 
methane,  ethane,  ethene  gas  and  shaking  the  VOA  for  5  minutes.  Then  injecting  50  ul  from  the 
headspace  into  the  GC  resulting  in  a  theoretical  concentration  of  500  ug. 


Notes 

*  =  Values  outside  of  QC  limits. 
NA  =  Not  analyzed/not  available. 


LCS1114.XLS;  11/15/96 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021  " 

Anion  Report 


Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed  : 

11/11/96 

11/12/96 

11/12/96 

11/12/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-4004 

EPA  300.0 

0.25  mg/L 

Evergreen 
Sample  # 

Client 
Sample  ID. 

Matrix 

Chloride  ma/L 

Dilution 

Factor 

96-4004-01 

ST24-MPK(D) 

Water 

2.0 

1 

96-4004-03 

ST24-MPE 

Water 

3.8 

1 

96-4004-04 

ST24-MPA 

Water 

11.2 

1 

96-4004-04 

Duplicate 

ST24-MPA 

Duplicate 

Water 

10.9 

1 

96-4004-05 

ST24-MPG 

Water 

3.5 

1 

96-4004-06 

ST24-W70ID) 

Water 

2.3 

1 

Method  Blank  (11/12/96) 

Water 

<0.25 

Quality  Assurance 


Spike  Amount 
(mg/L) 

96-4004-04  ST24-MPA 

Matrix  Spike  10.0 


96-4004-04  ST24-MPA 

Matrix  Spike  Dup  1 0.0 


MS/MSD  RPD 


Sample  Result 
(mg/L) 

Spike  Result 
(mg/L) 

%  Recovery 

11.2 

20.5 

93 

11.2 

20.9 

97 

4.1 

EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Anion  Report 


Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed  : 

11/11/96 

11/12/96 

11/12/96 

11/12/96 

Client  Project  ID.  : 

Lab  Project  Number  : 
Method  : 

Detection  Limit  : 

729691.32010 

96-4004 

EPA  300.0 
0.076  mg/L 

Evergreen 
SamDle  # 

Client 
SamDle  ID. 

Matrix 

Nitrite-N  ma/L 

Dilution 

Factor 

96-4004-01 

ST24-MPK(D) 

Water 

<0.076 

1 

96-4004-03 

ST24-MPE 

Water 

<0.076 

1 

96-4004-04 

ST24-MPA 

Water 

<0.076 

1 

96-4004-04 

Duplicate 

ST24-MPA 

Duplicate 

Water 

<0.076 

1 

96-4004-05 

ST24-MPG 

Water 

<0.076 

1 

96-4004-06 

ST24-W70(D) 

Water 

<0.076 

1 

Method  Blank  (11/12/96) 

Water 

<0.076 

Quality  Assurance  * 

SDike  Amount 
(mg/L) 

SamDle  Result 
(mg/L) 

Spike  Result 
(mg/L) 

%  Recovery 

96-4004-04 

ST24-MPA 

Matrix  Spike  1 0.0 

<0.25 

9.2 

92 

96-4004-04 

ST24-MPA 

Matrix  Spike  Dup  1 0.0 

<0.25 

9.4 

94 

MS/MSD  RPD 


2.2 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled  : 
Date  Received  : 
Date  Prepared 

Date  Analyzed  : 

11/11/96 

11/12/96 

11/12/96 

11/12/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-4004 

EPA  300.0 
0.056  mg/L 

Evergreen 
SamDle  # 

Client 
SamDle  ID. 

Matrix 

Nitrate-N  ma/L 

Dilution 

Factor 

96-4004-01 

ST24-MPK(D) 

Water 

1.7 

1 

96-4004-03 

ST24-MPE 

Water 

<0.056 

1 

96-4004-04 

ST24-MPA 

Water 

<0.056 

1 

96-4004-04 

Duplicate 

ST24-MPA 

Duplicate 

Water 

<0.056 

1 

96-4004-05 

ST24-MPG 

Water 

2.1 

1 

96-4004-06 

ST24-W70(D) 

Water 

<0.056 

1 

Method  Blank  (11/12/96) 

Water 

<0.056 

Quality  Assurance  * 

Spike  Amount 
(mg/L) 

SamDle  Result 
(mg/L) 

SDike  Result 
(mg/L) 

%  Recovery 

96-4004-04 

ST24-MPA 

Matrix  Spike  10.0 

<0.25 

9.3 

93 

96-4004-04 

ST24-MPA 

Matrix  Spike  Dup  1 0.0 

<0.25 

9.2 

92 

MS/MSD  RPD 

*  =  Quality  assurance  results  reported  as  Nitrate  (N03). 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed 

11/11/96 

11/12/96 

11/12/96 

11/12/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-4004 

EPA  300.0 

0.25  mg/L 

Evergreen 
SamDle  # 

Client 
Sample  ID. 

Matrix 

Sulfate  ma/L 

Dilution 

Factor 

96-4004-01 

ST24-MPK(D) 

Water 

0.42 

1 

96-4004-03 

ST24-MPE 

Water 

1.5 

1 

96-4004-04 

ST24-MPA 

Water 

1.8 

1 

96-4004-04 

Duplicate 

ST24-MPA 

Duplicate 

Water 

1.8 

1 

96-4004-05 

ST24-MPG 

Water 

0.45 

1 

96-4004-06 

ST24-W70(D) 

Water 

'<0.25 

1 

Method  Blank  (11/12/96) 

Water 

<0.25 

Quality  Assurance 


SDike  Amount 

Sample  Result 

Soike  Result 

(mg/L) 

(mg/L) 

(mg/L) 

96-4004-04 

ST24-MPA 

Matrix  Spike  1 0.0 

1.8 

10.5 

96-4004-04 

ST24-MPA 

Matrix  Spike  Dup  10.0 

1.8 

10.5 

MS/MSD  RPD 


88 

0 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Total  Recoverable  Petroleum  Hydrocarbons 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

:  11/11/96 
:  11/12/96 
:  11/13/96 
:  11/13/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

729691-32010 

96-4004 

EPA  418.1 

Evergreen 
SamDle  # 

Client 

SamDle  ID. 

Matrix 

TRPH 

96-4004-02 

ST24-MPA(9'-1 1 ') 

Soil 

7.9 

96-4004-02 

Duplicate 

ST24-MPA(9'-1 1 ') 
Duplicate 

Soil 

6.9 

Method  Blank  (1 1/13/96)  subtracted  3.4 

Results  reported  on  a  dry  weight  basis. 


'£qJL 

Analyst 


Units 

mg/Kg 

mg/Kg 


mg/Kg 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Total  Organic  Carbon 


Date  Sampled 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed  : 

11/11/96 

11/12/96 

11/21/96 

11/21/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-4004 

EPA  415.1 

1 .0  mg  C/L 

Evergreen 
Sample  # 

Client 
Sample  ID. 

Matrix 

TOC  mg  C/L 

Dilution 

Factor 

96-4004-01 

ST24-MPK  (D) 

Water 

<1.0 

1 

96-4004-01 

Duplicate 

ST24-MPK  (D) 
Duplicate 

Water 

<1.0 

1 

Method  Blank  (11/21/96) 


<1. 


0 


Quality  Assurance 


96-3996 

Soike  Amount 
(mgC/L) 

SamDle  Result 
(mgC/L) 

Soike  Result 
(mgC/L) 

%  Recovery 

96-3996-08 

ST24MPKS  10.0 

Matrix  Spike 

<1.0 

10.3 

103 

96-3996-08 

ST24MPKS  10.0 

Matrix  Spike  Dup 

<1.0 

10.4 

104 

MS/MSD  RPD  1.3 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Analysis  Report 


Date  Sampled  :  11/11  /96 

Date  Received  :  11/1 2/96 

Date  Prepared  :  11/1 4/96 

Date  Analyzed  :  11/14/96 


Client  Project  ID. 
Lab  Project  Number 
Method 

Detection  Limit 


729691-32010 
96-4004 
EPA  310.1 
5.0  mg  CaC03/L 


Evergreen  Client 

Sample  #  Sample  ID. 


Matrix 


Total  Dilution 

Alkalinity  (mg  CaC03/L)  Factor 


96-4004-01  ST24-MPK  (D)  Water 


<5.0 


1 


96-4004-01  ST24-MPK  (D)  Water  <5.0  1 

Duplicate  Duplicate 


Method  Blank  (11/14/96)  <5.0 

Quality  Assurance 

Reference  True  Value  Result  %  Recovery 

(mgCaC03/L)  (mgCaC03/L) 

ERA  Minerals  120  112  94 

Lot  #  0725-96-1 1 


Analyst 


Approved 
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CHAIN  OF  CUSTODY  RECORD/ ANALYTICAL  SERVICES  REQUEST 


0) 
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I — 
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Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 

:  MB1111496  Client  Project  Number  :  729691.32010 

:  11/14/96  Lab  Work  Order  :  96-4020 

:  1-0  Matrix  :  Water 

Lab  File  Number  :  TVB1 11 13029 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/14/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/14/96 

U 

6.4 

ug/L 

Toluene 

108-88-3 

11/14/96 

U 

6.4 

. . . . 

ug/L 

Chlorobenzene 

i  08-90-7 

11/14/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

1 00-4 1-4 

11/14/96 

U 

0.4 

ug/L 

Total  Xylenes  (m,p,o)  j 

1330-20-7  1 

11/14/96 

0 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

1 08-67-8 

11/14/96 

U 

0.4 

uq/L 

1  ,2,4-Trimethylbenzene 

95-63-6  I 

1_1/1 4/96 

0 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8  4 

1 1  /1 4/96 

U 

0.4 

uq/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3  ] 

11/14/96 

U 

6.5 

ug/L 

MO  Surrogate  Recovery:  102% 

50%-1 50% 

/Limits! 

Surrogate  Recovery: .  .  102%  “  50%-150%  (LimitsT 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


Approved 


TVBXWS1P;TVB4020.XLS;  11/19/96;  1 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


r  i 


Methods  602/8020  and  5030/801 5  Modified  Data  Report 
Method  Blank  Report 

Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


MB1111596  Client  Project  Number  :  729691.32010 

11/15/96  Lab  Work  Order  :  96-4020 

1.0  Matrix  :  Water 

Lab  File  Number  :  TVB1 1 1 1 3058 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3, 5-Trimethyl  benzene 
1,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


1 ,2,3,4-Tetramethylbenzene 


FID  Surrogate  Recovery: 
PIP  Surrogate~Recoverv 


Cas  Number 


71-43-2 


108-88-3 


108-90-7 


100-41-4 


1330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Analysis 

Date 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


Sample 

Concentration 


~  °%_'_1J?°% 

50%-i  50%“ 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


r  1 


TVBXWS1  P;TVB4020.XLS;  11/19/96;  6 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 


Method  Blank  Number 

:  MB1111896 

Client  Project  Number 

. 

:  729691.32010 

Date  Prepared 

•  :  11/18/96 

Lab  Work  Order 

:  96-4020 

Dilution  Factor 

:  1.0 

Matrix 

:  Water 

Lab  File  Number 

:  TVB1 11 18005 

Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

11/18/96 

U 

0.1 

m 

Benzene 

71-43-2 

11/18/96 

U 

0.4  i 

ug/L 

Toluene 

108-88-3 

11/18/96 

U 

0  A 

ua/L 

Chlorobenzene 

108-90-7 

11/18/96 

U 

6.4 

Ethyl  Benzene 

100-41-4 

11/18/96 

U 

0.4 

Total  Xylenes  (m,p,o) 

1330-20-7 

__1 1/1 8/96 

U 

6.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

1*1/18/96"" 

u" 

~~oa" 

ua/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/18/96 

0 

0.4 

1 ,2,3-Trimethylbenzene 

526-73-8 

i‘l/18/96 

0 

0.4 

1 ,2,3,4-Tetramethyibenzene 

488-23-3 

11/18/96 

U 

----- 

mmm 

■P  Surrogate  Recovery:  1 1 5  % 

50%-150% 

(Limits) 

Surrogate  Recovery:  118%  '"50%-150%  (Limits! 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


TVBXWS1  P;TVB4020.XLS;  11/19/96;  7 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24  MPF 
96-4020-01 
11/12/96 
11/13/96 
11/14/96 
1.0 
1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


721  '591.32010 
96  020 

W  :r 

TV  11113044 
M  .1111496 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/14/96 

0.1 

0.1 

ma/L 

Benzene 

71-43-2 

11/14/96 

U 

o.T _ j 

EH 

Toluene 

108-88-3 

11/14/96 

0.7 

0.4 

ua/L 

Chlorobenzene _ 

108-90-7 

1  i/1 4/96 

U 

0.4 

mtmSM 

Ethyl  Benzene 

100-41-4 

11/14/96 

6.6 

0.4 

mmim 

Total  Xylenes  (m,p,o) 

1 330-20-7 

11/14/96 

6.4 

1 ,3,5-Trimethylbenzene _ 

108-67-8 

11/14/96 

■BlMlMf 

0.4 

ua/L 

1 ,2,4-Trimethylbenzene 

"”95-63-6 

11/14/96 

_ 0.4 

BH 

1 ,2,3-Trimethylbenzene 

526-73-8  1 

1 1/14/96 

u 

ua/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3  1 

11/14/96 

15 

0.5  j 

FID  Surrogate  Recovery: 

102% 

50%-150% 

EL  J 

PID  Surrogate  Recovery: 

99% 

50%-1 50%" 

“a*  ! 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


TVBXWS  IP;  TVB4020.XLS;  11/19/96;  2 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24  MPI 
96-4020-02 
11/12/96 
11/13/96 
11/14/96 
1.0 
1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-4020 

Water 

TVB1 11 13051 
MB1111496 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 

1 ,3,5-Trimethylbenzene 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


1 ,2,3,4-Tetramethylbenzene 


Cas  Number 


71-43-2 


108-88-3 


108-90-7 


100-41-4 


1 330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Analysis 

Date 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


Sample 

Concentration 


Surrogate  Recovery: 

96% 

50%-1 50% 

(Limits) 

fpID  Surrogate  Recovery: 

95% 

50%-1 50% 

(Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments:  * 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 


FID  =  Flame  ionization  detector. 


Total  Volatile  Hydrocarbons. 


TVBXWS1  P;TVB4020.XLS;  11/19/96;  3 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24  MPBS 

96-4020-03 

11/12/96 

11/13/96 

11/14,15/96 

50 

50;1 .0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-4020 

Water 

TVB1 11 13062,52 

MB1111596 

MB1111496 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

TVH-Gasoline 

— 

11/15/96 

30 

5.0 

■jMa 

Benzene 

71-43-2 

11/15/96 

920 

20 

mum 

Toluene 

108-88-3 

11/15/96 

5000 

20  1 

ug/L 

Chlorobenzene 

108-90-7 

11/15/96 

U 

0.4 

uq/L 

Ethyl  Benzene 

100-41-4 

11/15/96 

1000 

20  j 

Total  Xylenes  (m,p,o) 

1 330-20-7 

1 1/15/96 

‘4800 

20 

mmm 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/15/96 

580 

20 

bS 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/15/96 

1900 

20 

BjnS 

1 ,2,3-Trimethylbenzene 

526-73-8 

_J  1/15/96 

540 

20  “ 

ua/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

1 1  / 15/96 

180 

25 

wSr^ 

FID  Surrogate  Recovery: 

105% 

50%-1 50% 

PID  Surrogate  Recovery: 

~T05%;85% 

50%-1 50% 

(LinJ^M 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


Analyst 


TVBXWS1  P;TVB4020.XLS;  11/19/96;  4 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


Trip  Blank  #3 

96-4020-04 

NA 

11/13/96 
11/1 8/96 
1.0 
1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-4020 

Water 

TVB1 11 18022 
MB1111896 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/18/96 

r  u 

0.1 

mg/L 

Benzene 

71-43-2 

11/18/96 

u 

0.4 

ug/L 

Toluene 

108-88-3 

11/18/96 

u 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

1 1/18/96 

u 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/18/96 

u 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/18/96 

u 

l_  0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/18/96 

u 

n  0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

1 1/1 8/96 

u 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/18/96 

u 

0.4 

ug/L 

1,2,3,4-Tetramethylbenzene 

488-23-3 

11/18/96 

u 

0.5 

ug/L 

ft- - - - 

r*u  surrogate  Recovery:  97%  50%-150% 

(Limits) 

||nu  surrogate  Hecovery:  94%  50%-150%  (Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected, 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

P  =  Flame  ionization  detector. 

H  =  Total  Volatile  Hydrocarbons. 


but  is  below  the  Reporting  Limit. 


Analyst 


Approved 


TVBXWS1 P; TVB4020.XLS;  11/22/96:  5 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
TVH  Matrix  Spike/Matrix  Spike  Duplicate  Data  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Instrument  Name 


ST24  MPF _ Client  Project  No 

96-4020-01 _ Lab  Work  Order 

11/12/96 _ EPA  Method  No. 

11/13/96 _ Matrix 

1 1/14/96 _ Lab  File  Number(s) 

11/14/96 _ Method  Blank 

TVHBTEX1  Dilution  Factor 


729691.32"  0 
96-4020 

5030/801 5  odified 

Water _ 

TVB1 11 13045 

MB1 111496 _ 

1.0 


Compound 

Spike 

Added 

(mg/L) 

Sample 

Concentration 

(mg/L) 

MS 

Concentration 

(mg/L) 

MS 

%REC 

QC  (#) 
Limits 

%REC 

Gasoline 

2.00 

0.11 

1.93 

91.0% 

62  -  126 

Surrogate  ** 

— 

— 

— 

101% 

70  -  121 

Compound 

Spike 

Added 

(mg/L) 

MSD 

Concentration 

(mg/L) 

MSD 

%REC 

RPD 

QC  (#)  MM 

Limits 

RPD 

Gasoline 

2.00 

1.92 

90.5% 

0.6 

42.3 

62  -  126 

Surrogate  ** 

— 

— 

102% 

NA 

NA 

70  -  121 

RPD:  _ 0  out  of  (1)  outside  limits. 

Spike  Recovery:  0  out  of  (2)  outside  limits. 

Notes: 

NA  =  Not  analyzed/not  applicable. 

*  =  Values  outside  of  QC  limits. 

**  =  1,2,4-Trichlorobenzene 

#  =  Limits  established  10/2/96,  KSH 


Comments: 


MSTVHWS1  ;MSTV4020.XLS;  11/19/96 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 

EPA  602/8020  Matrix  Spike/Matrix  Spike  Duplicate  Data  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 
Instrument  Name 


Compound 


Benzene 


Toluene 


Chlorobenzene 


Ethylbenzene 


1.3,5-TMB 


1.2,4-TMB 


1.2,3-TMB 


1 ,2,3,4-TeMB 


:  ST24  MPF 
:  96-4020-01 
:  H/12/96 

:  11/13/96 _ 

:  H/14/96 
:  11/14/96 _ 

:  tvhbtexi 


Spike  Sample 

Added  Concentration 

(ug/U _ (ug/L) 


20.0  0.0 


20.0  0.7 


20.0  0.0 


20.0  0.6 


20.0  0.0 


20.0  0.0 


20.0  0.0 


20.0  0.0 


20.0  0.0 


20.0  14.6 


100.0  I  99% 


Client  Project  No. 
Lab  Work  Order 
EPA  Method  No. 
Matrix 

Lab  File  Number(s) 
Method  Blank 
Dilution  Factor 


729691.32010 

96-4020 _ 

602 _ 

Water _ 

TVB1 1113047,48 
MB1 111496 
1.0 


Concentration 
(ug/L) 


MS 


20.8 


18.3 


17.7 


18.0 


18.1 


18.2 


17.5 


16.8 


17.6 


30.3 


94% 


MSD 


20.4 


18.1 


17.4 


17.8 


17.9 


17.8 


17.5 


17.2 


17.5 


30.4 


99% 


nuwvcni  j 

QC# 

Limits 

RPD 

%REC  | 

18 

62 

- 

129 

25 

55 

- 

133 

9 

66 

122 

15 

60 

127 

20 

44 

146 

16 

57 

131 

16 

63 

129 

16 

55 

136 

13 

64 

127 

23 

53 

- 

132 

NA 

82 

- 

115 

Compound 


Benzene 


Toluene 


Chlorobenzene 


Ethylbenzene 


m.p-Xylene 


1.3,5-TMB 


1,2,4-TMB 


1,2,3-TMB 


1 ,2,3,4-TeMB 


MS 

% 

RECOVERY 


104.0 


88.0 


88.5 


87.0 


90.5 


91.0 


87.5 


84.0 


88.0 


78.5 


94.0 


IH 


102.0 


87.0 


87.0 


86.0 


89.5 


89.0 


87.5 


86.0 


87.5 


79.0 


99.0 


#=  Limits  extablished  10/1/96, HDM 
*  =  Values  outside  of  QC  limits. 

RPD:  0  out  of 

Spike  Recovery:  0  out  of 


out  of  (10)  outside  limits, 
out  of  (20)  outside  limits. 


Comments: 


MSBTMB1  ;MSB4020.XLS;  11/19/96 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
Laboratory  Control  Sample  (LCS) 


LCS  Number 


Gasoline 


2.00 


2.11 


Date  Prepared 

:  11/14/96 

Mainx 

Method  Numbers 

:  WATER 

Date  Analyzed 

:  11/14/96 

.  fcrA  5030/8015  Modified 

Lab  File  Number(s) 

:  TVB1 11 13036 

iiioLiumeni  Name 

:  TVHBTEX1 

Compound 

Name 

Theoretical 

Concentration 

(mg/L) 

LCS 

-  Concentration 
(mg/L) 

LCS 

% 

Recovery 

QC  Limit 
%  Recovery 

105.5 


83 


120 


QUALIFIERS 

B  =  TVH  as  Gasoline  found  in  blank  also. 

E  =  Extrapolated  value.  Value  exceeds  calibration  range 
NA  =  Not  Available/Not  Applicable. 

**  =  Limits  established  9/24/96  for  TVHBTEX1 .  HDM 


Analyst 


Approved 


I  CST\/mi  -i  ren  1 1  *  V  »  O  ^  ^ 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 
m.p-Xylene 


1 ,3, 5-Trimethyl  benzene 

1  ,2,4-Trimethylbenzene 

1 ,2,3-Trimethylbenzene 

1 ,2,3,4-Tetramethylbenzene 
Surrogate  Recovery: 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

LCS11 11496 

11/14/96 _ 

11/14/96 _ _ 

20.0 


Cas 

Number 

71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-04-4 

108-67-8 

95-63-6 

526-73-8 


488-23-3 


LCS  - 

Concentration 

(ug/L) 

19.6 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 

LCS 

% 

Recovery  • 
98.0 


107.5 


1.00 _ 

602/8020 

Water 

TVB1 1113037 


QC  Limit** 
%  Recovery 
75  -  110 


75-110 

69  -  110 
74-  110 

73  -  110 

74  -  114 
59  -  129 

70  -  110 
73  -  110 
84  -  122 
67  -  116 


82  -  115 


NOTES: 


m.p-xylene  =  40.0  ppb  spike. 


QUALIFIERS: 

E  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  *=  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  found  in  blank  and  sample.  Compare  blank  and  sample  data. 
N^^Not  available/Not  analyzed. 

^Bpmits  updated  10/02/96  for  TVHBTEX1 .  SWT 


Analyst 


Approved 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
Laboratory  Control  Sample  (LCS) 


LCS  Number 


LCS1111896 


Matrix 


:  WATER 


Date  Prepared 

Date  Analyzed 

Lab  File  Number(s) 

:  11/18/96 

Method  Numbers 

:  tPA  5030/801 5  Modified 

:  11/18/96 

Instrument  Name 

:  TVHBTEX1 

:  TVB1 11 18008 

Compound 

Name 

Theoretical 

Concentration 

(mg/L) 

LCS 

Concentration 

(mg/L) 

LCS 

% 

Recovery 

104.5 

QC  Limit 

%  Reeovpn/ 

Gasoline 

2.00 

2.09 

/v  iiwwvvi  y 

83  -  120 

Surrogate  Recovery: 

121% 

70  -  121 

$ 


QUALIFIERS 

B  =  TVH  as  Gasoline  found  in  blank  also. 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 
NA=Not  Available/Not  Applicable. 

**  =  Limits  established  9/24/96  for  TVHBTEX1 .  HDM 


jMjh 

Analyst 


Approved 


LCSTVH1  ;LST1  111  .XLS;  9:49  AM;  11/22/96 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Toluene 
Chlorobenzene 
Ethyl  Benzene 
m,p-Xylene 

fejj^ene 

1 ,3,5-Trimethylbenzene 
1  »2,4-Trimethyf  benzene 
1  #2,3-Trimethyl  benzene 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

LCS1111896 


11/18/96 


11/18/96 


20.0 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-04-4 

108-67-8 

95-63-6 

526-73-8 


LCS 

Concentration 
(ug/L) 

19.1 

18.1 

17.1 
18.3 
35.0 
19.0 

19.2 
18.9 
17.5 
21.0 


90.5 

85.5 

91.5 

87.5 
95.0 
96.0 

94.5 

87.5 
105.0 


E  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

f  *  ?°nip0und  found  'n  b,ank  and  sample.  Compare  blank  and  sample  data 
NA  =Not  available/Not  analyzed. 

w  mits  updated  10/02/96  for  TVHBTEX1.  SWT 


Analyst 


1.00 


602/8020 


Water 


TVB1 1118021 


75  -  110 
69  -  110 
74-  110 

73-  110 

74-  114 
59  -  129 
70-110 
73  -  110 
84-  122 


Approved 


LCSBXWS1  ;LSB1 1 1 1 8.X1  S-  1 1  mi 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Method  Blank 
Oate  Prepared 
Date  Analyzed 


Method  8010  Chlorinated  VOC’s  Method 


Blank  Report 


RBI 12096 

11/20/96 

11/20/96 


Client  Project  No.  :  729691-32010 

Lab  Project  No.  :  96-4020 

Lab  File  No.  :  HALL1 1 20\004F0101 


Compound _ 

Vinyl  Chloride 
Chloroethane 

1.1- Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1.1- Dichloroethane 

cis-1 ,2-Dichloroethene 
1,1,1  -Trichloroethane 
Carbon  Tetrachloride 
Trichloroethene _ 

1 . 1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- T etrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS  # 
75-01-4 
75-00-3 
75-35-4 
75-09-2 
156-60-5 
75-34-3 
156-59-4 
71-55-6 
56-23-5 
79-01-6 
79-00-5 
127-18-4 
79-00-5 
108-90-7 
79-34-5 
95-49-8 
106-49-8 
541-73-1 
95-50-1 


Concentration  lug/L) 
U 
U 
U 
U 

_ U _ 

0 

U 

U 

U 

U 

U 

U 

U 

U 

_ U _ 

U 

U 

u 

u 


RUug/L) 

0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 
_  0.54 


0.4 


Surrogate  Recovery  O-Chloro-2-Fluoro-Benzene) :  88%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  «=  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  »  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
1303)  425-6021 

)  Method  601/8010  Chlorinated  VOC's  Method  Blank  Report 

Method  Blank  :  RB1 121 96  Client  Project  No.  :  729691-32010 

Date  Prepared  :  11/21/96  Lab  Project  No.  :  96-4020 

Date  Analyzed  :  11/21/96  Lab  File  No.  :  HALL1121\004F0101 


Compound _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 


1,1-Dichloroethane 
cis-1 ,2-Dichloroethene 
1,1,1  -Trichloroethane 
Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
T etrach  loroethene 

1 .1 .1 .2- Tetrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
^-Chlorotoluene 
i-Chlorotoluene 
Pr,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 


75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 
U 


U 

U 

U 

U 

U 

U 

U 

U 

U 

_ U _ 

U 

U 

U 

U 


RL(ug/U 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) 

QUALIFIERS: 

U  -  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  ■»  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  «  Reporting  Limit  (at  or  above  method  detection  limit). 


130%  (QC  limits) 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's 


Sample  Report 


ST24  MPF 

96-4020-01 

11/12/96 

11/13/96 

11/20/96 

11/20/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  Hie  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4020 

Water 

HALL1 1 20\023F01 01 
RBI 12096 
1.0 


Compound _  CAS  # 

Vinyl  Chloride  75-01-4 

Chloroethane  75-00-3 

1.1- Dichloroethene  75-35-4 

Dichloromethane  75-09-2 

trans-1 ,2-Dichloroethene _  1 56-60-5 

1.1- Dichloroethane  75-34-3 

cis-1,2-Dichloroethene  156-59-4 

1,1,1  -Trichloroethane  71-55-6 

Carbon  Tetrachloride  56-23-5 

Trichloroethene _ 79-01-6 

1.1.2- Trichloroethane  79-00-5 

Tetrachloroethene  1 27-1 8-4 

1.1.1.2- Tetrachloroethane  79-00-5 

Chlorobenzene  108-90-7 

1 .1 .2.2- Tetrachloroethane _ 79-34-5 

2-Chlorotoluene  95-49-8 

4-Chlorotoluene  1 06-49-8 

1,3-Dichlorobenzene  541-73-1 

1 .2- Dichlorobenzene  95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 
U 
U 
U 
U 
U 

_ U _ 

U 

U 

u 

u 

_ u _ 

u 

u 

u 

u 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.4 
0.42 
0.54 

1 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  81%  70%  -130%  (QC  limits) 

QUALIFIERS: 

U  -  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  «=  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


ST24  MPI 

96-4020-02 

11/12/96 

11/13/96 

11/20/96 

11/20/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4020 

Water 

HALL1 1 20\024F01 01 
RB1 12096 
1.0 


Compound 

CAS# 

Concentration  (ug/L) 

RL  (uo/L) 

Vinyl  Chloride 

75-01-4 

U 

0.4 

Chloroethane 

75-00-3 

U 

0.4 

1 , 1  -Dichloroethene 

75-35-4 

U 

0.4 

Dichloromethane 

75-09-2 

U 

0.4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1,1-Dichloroethane 

75-34-3 

U 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0.4 

1,1,1  -Trichloroethane 

71-55-6 

U 

0.4 

Carbon  Tetrachloride 

56-23-5 

U 

0.4 

Trichloroethene 

79-01-6 

U 

0.4 

1 ,1 ,2-Trichloroethane 

79-00-5 

U 

0.4 

Tetrachloroethene 

127-18-4 

U 

0.4 

1 ,1 ,1 ,2-Tetrachloroethane 

79-00-5 

U 

0.4 

Chlorobenzene 

108-90-7 

U 

0.42 

J  ,1 ,2,2-Tetrachloroethane 

79-34-5 

U 

0.54 

B-Chlorotoluene 

95-49-8 

U 

0.4 

H-Chlorotoluene 

106-49-8 

U 

0.4 

1 ,3-Dichlorobenzene 

541-73-1 

U 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

U 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  82%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  «=  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  -  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield.  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


ST24  MPBS 

96-4020-03 

11/12/96 

11/13/96 

11/21/96 

11/21/96 


Compound _ 

Vinyl  Chloride 
Chloroethane 

1.1- Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1.1- Dichloroethane 

cis-1 ,2-Dichloroethene 
1 , 1 , 1  -T richloroethane 
Carbon  Tetrachloride 
Trichloroethene _ 

1.1 .2- Trichloroethane 
Tetrachloroethene 

1.1 .1 .2- Tetrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 


2-Chlorotoluene 
4-Chlorotoluene 
1 ,3-Dichlorobenzene 
1 ,2-Dichlorobenzene 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4020 

Water 

HALL1 121\013F0101 
RB1 12196 
10.0 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 


95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration  (ug/L) 
U 
U 

u 

u 

u 

u 

u 

u 

u 

_ u _ 

u 

u 

u 

u 

_ u 


u 

u 

u 

u 


RL  (ug/L) 
4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) 

QUALIFIERS: 

U  =  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  ■  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  -  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


130%  (QC  limits) 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 

Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No. 

Lab  Sample  No. 

Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

Compound _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 


Trip  Blank  #3 

96-4020-04 

11/12/96 

11/13/96 

11/20/96 

11/21/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691-32010 

96-4020 

Water 

HALL1 1 20\026F01 01 
RBI 12096 
1.0 


CAS  # 


75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 


Concentration  (ug/L) 
U 
U 
U 

0.83  J 
U 


RL  (ug/L) 
0.4 
0.4 
0.4 
0.4 


1 ,1  -Dichloroethane 

75-34-3 

U 

0.4 

cis-1 ,2-Dichloroethene 

156-59-4 

U 

0.4 

1 ,1 ,1  -Trichloroethane 

71-55-6 

u 

0.4 

Carbon  Tetrachloride 

56-23-5 

u 

0.4 

Trichloroethene 

79-01-6 

u 

0.4 

1 ,1 ,2-Trichloroethane 

79-00-5 

u 

0.4 

Tetrachloroethene 

127-18-4 

u 

0.4 

1 ,1 ,1 ,2-Tetrachloroethane 

79-00-5 

u 

0.4 

Chlorobenzene 

108-90-7 

u 

0.42 

J  ,1 ,2,2-Tetrachloroethane 

79-34-5 

u 

0.54 

A-Chlorotoluene 

95-49-8 

u 

0.4 

P-Chlorotoluene 

106-49-8 

u 

0.4 

1 ,3-Dichlorobenzene 

541-73-1 

u 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

u 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene> :  80%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  -  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  *=  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  «  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  Blank  Number 
Date  Extracted/Prepared 
Date  Analyzed 


Compound  Name 


Methane 


Methane  Report  Form 
Method  Blank  Report 


GB111496 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4020 

1.00 

RSKSOP-175M 

Water 

GAS11 14002 


Sample 

Cas  Number  Concentration  RL 

_ mg/L  _ mg/L 


74-82-8 


U 


0.002 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


Analyst 


AF4020.XLS 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methane  Report  Form 


ST24MPF 

96-4020-01 

11/12/96 

11/13/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4020 

5.00 

RSKSOP-175M 

Water 

GAS11 14025 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ _ mg/L 


RL 

mg/L 


74-82-8 


0.14 


0.01 


•^erature 
unt  Injected 

Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


70.5  F 

Saturation 

Meth  _ 

0.034450315 

0.1  ml 
43  ml 

Concentration 

Concentration 

Meth 

0.108852614 

4  ml 

in  Head  Space 

160.225  ug 

Atomic  weight!  Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

^j^^Not  Available/Not  Applicable. 


Analyst 


Approved 


AF4020.XLS 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield  St. 

Wheat  Ridge,  CO  80033 

(303)  425-6021 

Methane  Report  Form 

• 

Client  Sample  Number 

ST24MPI 

Client  Project  No. 

729691.32010 

Lab  Sample  Number 

96-4020-02 

Lab  Work  Order 

96-4020 

Date  Sampled 

11/12/96 

Dilution  Factor 

1.00 

Date  Received 

11/13/96 

Method 

RSKSOP-175M 

Date  Extracted/Prepared 

11/14/96 

Matrix 

Water 

Date  Analyzed 

11/14/96 

Lab  File  No. 

GAS11 14026 

Sample 

Compound  Name 

Cas  Number 

Concentration 

RL 

mg/L 

mg/L 

Methane 

74-82-8 

U 

0.002 

Temperature  : 

70.2  F 

Saturation 

Meth 

Amount  Injected  : 

0.5  ml 

Concentration 

Total  Volume  of  Sample  : _ 

43  ml 

Concentration 

Meth 

Head  space  created  : 

4  ml 

in  Head  Space 

Methane  Area  : 

0  ug 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


I'TiS. 


Analyst 


AF4020.XLS 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methane  Report  Form 

729691.32010 
96-4020 
10.00 

RSKSOP-175M 
Water 

GAS11 14027 


ST24MPBS 

96-4020-03 

11/12/96 

11/13/96 

11/14/96 

11/14/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


Compound  Name 

Cas  Number 

Sample 

Concentration 

mg/L 

RL 

mg/L 

Methane 

74-82-8 

1.26 

0.02 

^^jerature 

70.6  F 

Saturation 

Meth 

0.303890371 

^^unt  Injected 

0.05  ml 

Concentration 

Total  Volume  of  Sample  : 

43  ml 

Concentration 

Meth 

0.96002083 

Head  space  created  : 

4  ml 

in  Head  Space 

Methane  Area  : 

706.682  ug 

Atomic  weight(Methane)  : 

16  g 

Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 


^  Not  Available/Not  Applicable. 


Analyst 


Approved 


AF4020.XLS 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


RSKSOP-175M 


Gas  Method 


Methane,  Ethane,  Ethene  LCS  Report  Form 


LCS  No. 

Date  Prepared 
Date  Analyzed 
E.A.  LCS  Source  No. 


LCS1 11496 
11/14/96 
11/14/96 
1719 


EPA  Method  No. 
Matrix 

Method  Blank 
Lab  File  No. 


RSKSOP-175M 
Water 
GB111496 
GAS11 14010 


Compound 

Spike 

Added 

(ug) 

Method  Blank 
Concentration 
(ug) 

LCS 

Concentration 

(ug) 

LCS 

%REC 

QC 

Limits 

%REC 

Methane  Gas 

500 

0 

370 

74 

64-90 

Ethene  Gas 

500 

0 

213 

43 

37-58 

Ethane  Gas 

500 

0 

321 

64 

53-83 

Spike  Recovery:  0  out  of  (3)  outside  limits. 


Note:  The  LCS  was  made  by  taking  the  sample  and  displacing  4ml  of  headspace  with  a  1  % 
methane,  ethane,  ethene  gas  and  shaking  the  VOA  for  5  minutes.  Then  injecting  50  ul  from  the 
headspace  into  the  GC  resulting  in  a  theoretical  concentration  of  500  ug. 


Notes 

*  =  Values  outside  of  QC  limits. 
NA  =  Not  analyzed/not  available. 


ICS1114.XLS;  11/15/96 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)425-6021  - 

Anion  Report 


Date  Sampled 

11/12/96 

Client  Project  ID. 

729691.32010 

Date  Received 

11/13/96 

Lab  Project  Number 

96-4020 

Date  Prepared 

11/13/96 

Method 

EPA  300.0 

Date  Analyzed 

11/13/96 

Detection  Limit 

0.25  mg/L 

Evergreen 

Client 

Dilution 

SamDle  # 

Sample  ID. 

Matrix 

Chloride  ma/L 

Factor 

96-4020-01 

ST24  MPF 

Water 

3.5 

1 

96-4020-01 

ST24  MPF 

Water 

3.5 

1 

Duplicate 

Duplicate 

96-4020-02 

ST24  MPI 

Water 

4.8 

1 

96-4020-03 

ST24  MPBS 

Water 

»  3.5 

1 

Method  Blank  (11/13/96) 


<0.25 


Quality  Assurance 


96-4020-01 


SDike  Amount 

SamDle  Result 

Spike  Result 

%  Recovery 

(mg/L) 

(mg/L) 

(mg/L) 

ST24  MPF 

Matrix  Spike  10.0 

3.5 

13.2 

97 

96-4020-01  ST24  MPF 

Matrix  Spike  Dup  1 0.0 


3.5  .  13.2 


97 


MS/MSD  RPD 


0.3 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled 

11/12/96 

Client  Project  ID. 

729691.32010 

Date  Received 

11/13/96 

Lab  Project  Number 

96-4020 

Date  Prepared 

11/13/96 

Method 

EPA  300.0 

Date  Analyzed 

11/13/96 

Detection  Limit 

0.076  mg/L 

Evergreen 

Client 

Dilution 

SamDle  # 

SamDle  ID. 

Matrix 

Nitrite-N  ma/L 

Factor 

96-4020-01 

ST24  MPF 

Water 

<0.076 

1 

96-4020-01 

ST24  MPF 

Water 

<0.076 

1 

Duplicate 

Duplicate 

96-4020-02 

ST24  MPI 

Water 

<0.076 

1 

96-4020-03 

ST24  MPBS 

Water 

<0.076 

1 

Method  Blank  (11/13/96)  <0.076 


Quality  Assurance  * 


96-4020-01 


Soike  Amount 

SamDle  Result 

SDike  Result 

%  Recovery 

(mg/L) 

(mg/L) 

(mg/L) 

ST24  MPF 

Matrix  Spike  10.0 

<0.25 

9.6 

96 

96-4020-01  ST24  MPF 

Matrix  Spike  Dup  1 0.0 


<0.25  9.4 


94 


MS/MSD  RPD 


1.7 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

:  11/12/96 
:  11/13/96 
:  11/13/96 
:  11/13/96 

Client  Project  ID.  : 

Lab  Project  Number  : 

Method  : 

Detection  Limit  : 

729691.32010 

96-4020 

EPA  300.0 

0.056  mg/L 

Evergreen 
SamDle  # 

Client 
SamDle  ID. 

Matrix 

Nitrate-N  mo/L 

Dilution 

Factor 

96-4020-01 

ST24  MPF 

Water 

<0.056 

1 

96-4020-01 

Duplicate 

ST24  MPF 
Duplicate 

Water 

<0.056 

1 

96-4020-02 

ST24  MPI 

Water 

1.5 

1 

96-4020-03 

ST24  MPBS 

Water 

<0.056 

1 

Method  Blank  (11/13/96) 

<0.056 

Quality 

Assurance  * 

SDike  Amount 
(mg/L) 

SamDle  Result  SDike  Result  %  Recovery 

(mg/L)'  (mg/L) 

96-4020-01 

ST24  MPF 
Matrix  Spike 

10.0 

<0.25  9.4 

94 

96-4020-01 

ST24  MPF 

Matrix  Spike  Dup  1 0.0 

<0.25  9.2 

92 

MS/MSD  RPD 

2.6 

EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled  :  11/12/96 

Date  Received  :  11/1 3/96 

Date  Prepared  :  11/1 3/96 

Date  Analyzed  :  11/1 3/96 


Client  Project  ID. 
Lab  Project  Number 
Method 

Detection  Limit 


:  729691.32010 
:  96-4020 
:  EPA  300.0 
:  0.25  mg/L 


Evergreen 
SamDle  # 

Client 

SamDle  ID. 

Matrix 

96-4020-01 

ST24  MPF 

Water 

96-4020-01 

Duplicate 

ST24  MPF 
Duplicate 

Water 

96-4020-02 

ST24  MPI 

Water 

96-4020-03 

ST24  MPBS 

Water 

Method  Blank 

(11/13/96) 

Dilution 


Sulfate  mg/L  Factor 

0.86  1 

0.86  1 

3.6  1 

<0.25  1 


Quality  Assurance 


Spike  Amount 
(mg/L) 

96-4020-01  ST24  MPF 

Matrix  Spike  1 0.0 


96-4020-01  ST24  MPF 

Matrix  Spike  Dup  1 0.0 


MS/MSD  RPD 


SamDle  Result 
(mg/L) 

Soike  Result 
(mg/L) 

%  Recovery 

0.86 

10.2 

93 

0.86  * 

10.2 

94 

0.9 

EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPD(D) 

96-4033-01 

11/13/96 

11/14/96 

11/15,16/96 

1.0 

1.0;  5.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-4033 

WATER 

TVB31 115010,28 

MB3111596, 

MB3111696 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


otal  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzene 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


1 ,2,3,4-Tetramethylbenzene 


Cas  Number 


71-43-2 


108-88-3 


108-90-7 


100-41-4 


1330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Analysis 

Date 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/16/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


Sample 

Concentration 


3.1 


46 


urrogate  Recovery: 

136% 

70%-126% 

(Limits) 

urrogate  Recovery: 

98%;  120% 

76%-127% 

(Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments:  *  =  High  Surrogate  Recovery  due  to  hydrocarbon  interference. 


E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

Total  Volatile  Hydrocarbons. 


Analyst 


Approved 

TVBXWS2P;TV24033P.XIS;  12/2/96;  2 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor. 

PID  Dilution  Factor 


ST24-MPH{S) 

96-4033-02 

11/13/96 

11/14/96 

11/15/96 

1.0 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 
96-4033 
WATER 
TVB31 1 1 501 1 
MB3111596 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzene 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


1 ,2,3,4-Tetramethylbenzene 


FID  Surrogate  Recovery: 
PID  Surrogate  Recovery: 


Cas  Number 


71-43-2 


108-88-3 


108-90-7 


100-41-4 


1330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


Analysis 

Date 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


11/15/96 


110% 

103% 


Sample 

Concentration 


1.0 


18 


70%-126%  (Li 
76%-127%  (Li 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


um 

Analyst 


Approved 


TVBXWS2P;TV24033P.XLS;  11/22/96;  3 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425*6021 

Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


ST24-MPD(D) 

96-4033-01 

11/13/96 

11/14/96 

11/21/96 

11/21/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-4033 

Water 

HALL1 1 21  \01 4F01 01 
RBI 121 96 
1.0 


Compound _ 

Vinyl  Chloride 
Chloroethane 

1 . 1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 
1 , 1 -Dichloroethane 
cis-1 ,2-Dichloroethene 

1 . 1 . 1  -T richloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1.1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- Tetrachloroethane 
Chlorobenzene 

1.1 .2.2- Tetrachloroethane 
^Chlorotoluene 
^khlorotoluene 
B^-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

U 

U 

U 

U 

_ u _ 

u 

u 

u 

u 

u 


RL  (ug/L) 
0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) 


QUALIFIERS: 

U  «  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  ■  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  «=  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 

NOTES: 


130%  (QC  limits) 


HLW4033.XLS;  11/26/96 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


ST24-MPH(S) 

96-4033-02 

11/13/96 

11/14/96 

11/21/96 

11/21/96 


Compound _ 

Vinyl  Chloride 
Chloroethane 

1 . 1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 
1,1-Dichloroethane 
cis-1 ,2-Dichloroethene 

1.1.1  -Trichloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- T etrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  Hie  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-4033 

Water 

HALL112U015F0101 
RBI 12196 
1.0 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ u _ 

u 

u 

u 

u 

_ u _ 

u 

u 

u 

u 

_ y _ 

u 

u 

u 

u 


RL  (ug/L) 
0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  78%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  -  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  -  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  ■*  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  -  Reporting  Limit  (at  or  above  method  detection  limit). 


HLW4033.XLS;  11/26/96 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield  St.  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


ST24-MPD(D) 

96-4033-01 

11/13/96 

11/14/96 

11/21/96 

11/21/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4033 

20.00 

RSKSOP-175M 

Water 

GAS11 21 008 


Compound  Name 

Sample 

Cas  Number 

Concentration 

RL 

mg/L 

mg/L 

Methane 

74-82-8 

2.06 

0.04 

^^^ature 
/^■t  Injected 
TotaTVolume  of  Sample 
Head  space  created 
Methane  Area 


74.2  F  Saturation  Meth 

0.025  ml  Concentration 

_ 43_  ml  Concentration  Meth 

4  ml  in  Head  Space 
579.264  ug 


0.498195092 


1.563231184 


Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

Analyst 


AF4033.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


ST24-MPH(S) 

96-4033-02 

11/13/96 

11/14/96 

11/21/96 

11/21/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4033 

20.00 

RSKSOP-175M 

Water 


GAS11 21 009 


Compound  Name 


Methane 


Cas  Number 


Sample 

Concentration 

mg/L 


RL 

mg/L 


74-82-8 


1.87 


0.04 


Temperature  : 

74  F 

Saturation 

Meth 

0.451^^: 

Amount  Injected  : 

0.025  ml 

Concentration 

- 

Total  Volume  of  Sample  : 

43  ml 

Concentration 

Meth 

1.4178492( 

Head  space  created  : 

4  ml 

in  Head  Space 

Methane  Area  : 

525.195  ug 

Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


AF4033.XLS 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


r  1 


Anion  Report 


L  A 


:  729691.32010 
:  96-4033 
:  EPA  300.0 
:  0.25  mg/L 


Date  Sampled  :  11/13/96  Client  Project  ID. 

Date  Received  :  11/14/96  Lab  Project  Number 

Date  Prepared  :  11/14/96  Method 

Date  Analyzed  :  11/14/96  Detection  Limit 


Evergreen 
Samole  # 

Client 

Samole  ID. 

Matrix 

Chloride  ma/L 

Dilution 

Factor 

96-4033-01 

ST24-MPD(D) 

Water 

4.2 

1 

96-4033-02 

ST24-MPH(S) 

Water 

3.7 

1 

96-4033-03 

W81 

Water 

14.4 

1 

96-4033-04 

LF6-MPM 

Water 

6.5 

1 

96-4033-04 

Duplicate 

LF6-MPM 

Duplicate 

Water 

6.5 

1 

96-4033-05 

W22 

Water 

3.8 

1 

|96-4033-06 

W1 

Water 

3.7 

1 

Method  Blank 

(11/14/96) 

Water 

<0.25 

1 

Quality  Assurance 


SDike  Amount 

Samole  Result 

SDike  Result 

(mg/L) 

(mg/L) 

(mg/L) 

96-4033-04 

LF6-MPM 

Matrix  Spike  1 0.0 

6.5 

16.2 

96-4033-04  LF6-MPM 

Matrix  Spike  Dup  1 0.0 


6.5  16.4 
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EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed  : 

11/13/96 

11/14/96 

11/14/96 

11/14/96 

Client  Project  ID.  : 

Lab  Project  Number  : 

Method  : 

Detection  Limit  : 

729691.32010 

96-4033 

EPA  300.0 
0.076  mg/L 

Evergreen 
SamDle  # 

Client 
SamDle  ID. 

Matrix 

Nitrite-N  ma/L 

Dilution 

Factor 

96-4033-01 

ST24-MPD(D) 

Water 

<0.076 

1 

96-4033-02 

ST24-MPH(S) 

Water 

<0.076 

1 

96-4033-03 

W81 

Water 

<0.076 

1 

96-4033-04 

LF6-MPM 

Water 

<0.076 

1 

96-4033-04 

Duplicate 

LF6-MPM 

Duplicate 

Water 

<0.076 

1 

96-4033-05 

W22 

Water 

<0.076 

1 

96-4033-06 

W1 

Water 

<0.076 

1 

Method  Blank  (11/14/96) 

Water 

.<0.076 

1 

Quality  Assurance  * 


SDike  Amount 

SamDle  Result 

SDike  Result 

%  Recovery 

(mg/L) 

(mg/L) 

(mg/L) 

96-4033-04 

LF6-MPM 

Matrix  Spike  1 0.0 

<0.25 

9.4 

94 

96-4033-04 

LF6-MPM 

Matrix  Spike  Dup  1 0.0 

<0.25 

9.2 

92 

MS/MSD  RPD 

*  =  Quality  assurance  results  reported  as  Nitrite  (N02). 
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EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled 

Date  Received 
Date  Prepared 

Date  Analyzed 

11/13/96 

11/14/96 

11/14/96 

11/14/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-4033 

EPA  300.0 
0.056  mg/L 

Evergreen 
Sample  # 

Client 
Sample  ID. 

Matrix 

Nitrate-N  ma/L 

Dilution 

Factor 

96-4033-01 

ST24-MPD(D) 

Water 

<0.056 

1 

96-4033-02 

ST24-MPH(S) 

Water 

<0.056 

1 

96-4033-03 

W81 

Water 

<0.056 

1 

96-4033-04 

LF6-MPM 

Water 

1.3 

1 

96-4033-04 

Duplicate 

LF6-MPM 

Duplicate 

Water 

1.3 

1 

96-4033-05 

W22 

Water 

<0.056 

1 

96-4033-06 

W1 

Water 

<0.056 

1 

Method  Blank  (11/14/96) 


Water 


<0.056 


96-4033-04 


Quality  Assurance 


Spike  Amount 
(mg/L) 

LF6-MPM 

Matrix  Spike  10.0 


Sample  Result 
(mg/L) 


5.7 


Spike  Result 
(mg/L) 


15.4 


%  Recovery 


97 


96-4033-04  LF6-MPM 

Matrix  Spike  Dup  1 0.0 

MS/MSD  RPD 

=  Quality  assurance  results  reported  as  Nitrate  (N03). 


5.7 


/  /7  ^  Analyst 


15.6 
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EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled  : 

Date  Received  : 

Date  Prepared  : 

Date  Analyzed  : 

11/13/96 

11/14/96 

11/14/96 

11/14/96 

Client  Project  ID. 

Lab  Project  Number 
Method 

Detection  Limit 

729691.32010 

96-4033 

EPA  300.0 

0.25  mg/L 

Evergreen 
Sample  # 

Client 
Sample  ID. 

Matrix 

Sulfate  mg/L 

Dilution 

Factor 

96-4033-01 

ST24-MPD(D) 

Water 

<0.25 

1 

96-4033-02 

ST24-MPH(S) 

Water 

<0.25 

1 

96-4033-03 

W81 

Water 

3.8 

1 

96-4033-04 

LF6-MPM 

Water 

0.27 

1 

96-4033-04 

Duplicate 

LF6-MPM 

Duplicate 

Water 

0.27 

1 

96-4033-05 

W22 

Water 

11.0 

1 

96-4033-06 

W1 

Water 

11.6 

1 

Method  Blank 

(11/14/96) 

Water 

<0.25 

1 

Quality  Assurance 

Soike  Amount 
(mg/L) 

Sample  Result 
(mg/L) 

Soike  Result 
(mg/L) 

%  Recovery 

96-4033-04 

LF6-MPM 
Matrix  Spike 

10.0 

0.27 

9.4 

91 

96-4033-04 

LF6-MPM 
Matrix  Spike  Dup 

10.0 

0.27 

9.4 

92 

MS/MSD  RPD 
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EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


r  i 


P  Methods  602/8020  and  5030/8015  Modified  Data  Report 

Method  Blank  Report 

Method  Blank  Number  :  MB2112096  Client  Project  Number  :  729691.32010 

Date  Prepared  :  11/20/96  Lab  Work  Order  :  96-4081 

Dilution  Factor  :  1 .0  Matrix  :  WATER 

Lab  File  Number  :  TVB21 120007 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/20/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/20/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/20/96 

U 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/20/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/20/96 

U 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/20/96 

U 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/20/96 

U 

0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/20/96 

U 

0.4 

ug/L 

1,2,3-Trimethylbenzene 

526-73-8 

11/20/96 

U 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/20/96 

U 

0.5 

ug/L 

Kurrogate  Recovery: _ 91% _ 70%-126%  (Limits) 

urrogate  Recovery:  99%  76%-127%  (Limits) 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


TVBXWS2P;TV24081  P.XLS;  11/25/96;  1 


Method  Blank  Number 
Date  Prepared 
Dilution  Factor 


EVERGREEN  ANALYTICAL,  INC, 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/8015  Modified  Data  Report 
Method  Blank  Report 


MB2112196 

11/21/96 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number 


729691.32010 
96-4081 
WATER 
TVB21 120028 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units  | 

TVH-Gasoline 

— 

11/21/96 

U 

0.1 

mg/L  | 

Benzene 

71-43-2 

11/21/96 

U 

0.4 

ug/L  j 

Toluene 

108-88-3 

11/21/96 

U 

0.4 

ug/L  j 

Chlorobenzene 

108-90-7 

11/21/96 

U 

0.4 

Ethyl  Benzene 

100-41-4 

11/21/96 

U 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/21/96 

U 

0.4 

ug/L 

1,3,5-Trimethylbenzene 

108-67-8 

11/21/96 

U 

0.4  | 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/21/96 

U 

0.4 

ug/L 

1 ,2,3-TrimethyIbenzene 

526-73-8 

11/21/96 

U 

0.4 

ug/L  1 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/21/96 

U 

0.5 

ug/L 

! 

|  FID  Surrogate  Recovery:  81  %  70%-1 26% 

|hu  surrogate  Recovery:  91%  76%-i97°/„  n 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


Analyst 


Approved 


TVBXWS2P;TV24081  P.XLS;  11/25/96;  14 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Methods  602/8020  and  5030/801 5  Modified  Data  Report 
Method  Blank  Report 

Method  Blank  Number  :  MB21 12596  Client  Project  Number  :  729691.32010 

Date  Prepared  :  11/25/96  Lab  Work  Order  :  96-4081 

Dilution  Factor  :  1 .0  Matrix  :  WATER 

Lab  File  Number  :  TVB2 11 25003 


Compound  Name 


TVH-Gasoline 


Benzene 


Toluene 


Chlorobenzene 


Ethyl  Benzene 


Total  Xylenes  (m,p,o) 


1 ,3,5-Trimethylbenzene 


1 ,2,4-Trimethylbenzene 


1 ,2,3-Trimethylbenzene 


1 ,2,3,4-Tetramethylbenzene 


Surrogate  Recovery: 
urrogate  Recovery: 


71-43-2 


108-88-3 


108-90-7 


100-41-4 


1330-20-7 


108-67-8 


95-63-6 


526-73-8 


488-23-3 


11/25/96 


11/25/96 


11/25/96 


11/25/96 


11/25/96 


11/25/96 


11/25/96 


11/25/96 


11/25/96 


11/25/96 


RL 

Units 

0.1 

mg/L 

0.4 

ug/L 

0.4 

ug/L 

0.4 

ug/L 

0.4 

ug/L 

70%-126% 


76%-1 27% 


(Limits) 


(Limits) 


Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


r  i 
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EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPM 

96-4081-01 

11/18/96 

11/19/96 

11/20,21/96 

200 

10;  200 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 

96-4081 

WATER 

TVB21 12001 4,30 
MB21 12096 
MB2112196 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/21/96 

55 

20 

mg/L 

Benzene 

71-43-2 

11/21/96 

350 

80 

ug/L 

Toluene 

108-88-3 

11/21/96 

11000 

80 

ug/L 

Chlorobenzene 

108-90-7 

11/20/96 

U 

4.0 

ug/L 

Ethyl  Benzene 

100-41-4 

11/21/96 

1500 

80 

ug/L 

Total  Xylenes  (m,p,o) 

1 330-20-7 

11/21/96 

8100 

80 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/21/96 

1400 

80 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/21/96 

4200 

80 

ug/L 

1 ,2,3-TrimethyIbenzene 

526-73-8 

11/21/96 

1200 

80 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/20/96 

U 

5.0 

ug/L 

riu  surrogate  Kecovery:  88%  - 

70%-1 26% 

[[mu  surrogate  Kecovery:  118%;  96%  76%-127%  (LiiH 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  —  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  «s  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected, 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


but  is  below  the  Reporting  Limit. 


TVBXWS2P;TV24081  P.XLS;  1  1/25/96;  2 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified  Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPL 

96-4081-03 

11/18/96 

11/19/96 

11/20/96 

1.0 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 
96-4081 
WATER 
TVB21 120009 
MB21 12096 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

1 1/20/96 

0.4 

0.1 

mg/L 

Benzene 

71-43-2 

11/20/96 

15 

0.4 

ug/L 

Toluene 

108-88-3 

11/20/96 

1.5 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/20/96 

U 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/20/96 

2.5 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/20/96 

3.2 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/20/96 

U 

0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/20/96 

U 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/20/96 

7.7 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/20/96 

26 

0.5 

ug/L 

^pSurrogate  Recovery:  121%  70%-126% 

(Limits) 

Surrogate  Recovery:  115o/0  76%-1 27%  "(Limits) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


QUALIFIERS  and  DEFINITIONS: 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected,  but  is  below  the  Reporting  Limit. 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 


Approved 


TVBXWS2P;TV2408 1P.XLS;  11/25/96;  4 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methods  602/8020  and  5030/8015  Modified 


Data  Report 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Prepared 
FID  Dilution  Factor 
PID  Dilution  Factor 


ST24-MPJ 

96-4081-07 

11/18/96 

11/19/96 

11/20/96 

1.0 

1.0 


Client  Project  Number 
Lab  Work  Order 
Matrix 

Lab  File  Number(s) 
Method  Blank 


729691.32010 
96-4081 
WATER 
TVB21 1 2001 2 
MB2112096 


Compound  Name 

Cas  Number 

Analysis 

Date 

Sample 

Concentration 

RL 

Units 

TVH-Gasoline 

— 

11/20/96 

U 

0.1 

mg/L 

Benzene 

71-43-2 

11/20/96 

U 

0.4 

ug/L 

Toluene 

108-88-3 

11/20/96 

U 

0.4 

ug/L 

Chlorobenzene 

108-90-7 

11/20/96 

u 

0.4 

ug/L 

Ethyl  Benzene 

100-41-4 

11/20/96 

u 

0.4 

ug/L 

Total  Xylenes  (m,p,o) 

1330-20-7 

11/20/96 

u 

0.4 

ug/L 

1 ,3,5-Trimethylbenzene 

108-67-8 

11/20/96 

u 

0.4 

ug/L 

1 ,2,4-Trimethylbenzene 

95-63-6 

11/20/96 

u 

0.4 

ug/L 

1 ,2,3-Trimethylbenzene 

526-73-8 

11/20/96 

u 

0.4 

ug/L 

1 ,2,3,4-Tetramethylbenzene 

488-23-3 

11/20/96 

u 

0.5 

uq/L 

ww  HI 

IIFID  Surrogate  Recovery:  100% 

70%-1 26% 

||nu  surrogate  necovery:  108%  76%-127%  (Limi?s) 

Notes:  Total  Xylenes  consist  of  three  isomers,  two  of  which  co-elute.  The  Xylene  RL  is  for  a  single  peak. 


Comments: 


■QUALIFIERS  and  DEFINITIONS: 

^  =  Extrapolated  value.  Value  exceeds  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  also  found  in  the  blank. 

J  =  Indicates  an  estimated  value  when  the  compound  is  detected, 
RL  =  Reporting  Limit. 

NA  =Not  Available/Not  Applicable. 

PID  =  Photoionization  detector. 

FID  =  Flame  ionization  detector. 

TVH  =  Total  Volatile  Hydrocarbons. 


Analyst 


but  is  below  the  Reporting  Limit. 


TVBXWS2P; TV24081P.XLS;  11/25/96;  8 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 

Laboratory  Control  Sample  (LCS) 

LCS  Number 

Date  Prepared 

:  LCS21 12096-GAS 

Matrix 

:  WATER 

:  11/20/96 

Method  Numbers 

:  EPA  5030/8015  Modified 

Date  Analyzed 

Lab  File  Number(s) 

:  11/20/96 

Instrument  Name 

:  TVHBTEX2 

:  TVB2 1120003 

Theoretical 

LCS 

LCS 

Compound 

Concentration 

Concentration 

% 

QC  Limit 

Name 

(mg/L) 

(mg/L) 

Recovery 

%  Recovery 

Gasoline 

2.00 

2.16 

107.8 

81  -  128 

Surrogate 


Recovery: 


116% 


70  -  126 


QUALIFIERS 

B  =  TVH  as  Gasoline  found  in  blank  also. 

^  =  Extrapolated  value.  Value  exceeds  calibration  range. 
NA  =  Not  Available/Not  Applicable. 

**  =  Limits  established  10/1/96  for  TVHBTEX2.  MAB 


Analyst 


Approved 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene  ~ 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m,p-Xylene 

o-Xylene 

MTBE 

1 ,3,5-Trimethylbenzene 

1 .2.4- T  rimethylbenzene 
1,2,3-Trimethylbenzene 

1 .2.3.4- Tetramethylbenzene 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield  St. 
Wheat  Ridge.  CO  80033 
(303)  425-6021 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 


LCS21 1 2096-BTEX 
11/20/96 
11/20/96 
20.0 


Cas 

Number 


71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-04-4 

108-67-8 

95-63-6 

526-73-8 

488-23-3 


LCS 

Concentration 
_ (ug/L) 


21.4 

20.7 
19.0 

20.4 

39.2 

20.6 

20.8 

20.3 
18.6 

23.3 

21.1 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 

LCS 

% 

Recovery 


107.0 

103.5 
95.0 
102.0 
98.0 
103.0 
104.0 

101.5 
93.0 

116.5 

105.5 


103% 


NOTES: 


m.p-xylene  =  40.0  ppb  spike 


range. 


QUALIFIERS: 

E  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration 
u  -  Compound  analyzed  for,  but  not  detected. 

in  b'ank  and  Sample'  Compa,e  blank  sample 
na  —Not  available/Not  analyzed. 

**  =  Limits  established  10/1/96  for  TVHBTEX2.  MAB 


Analyst' 


0x4 


1.00 


602/8020 


Water 


TVB2 1120004 


QC  Limit** 
%  Recovery 


75  -  116 

75  -  118 
73  -  115 
80-  122 

76  -  120 
76  - 
75  -  115 
64  -  118 
75  -  111 
82  -  127 
72  -  131 


76  -  127 


Approved 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
Laboratory  Control  Sample  (LCS) 


LCS  Number 
Date  Prepared 
Date  Analyzed 
Lab  File  Number(s) 


Compound 

Name 


LCS21 121 96-GAS 

Matrix 

:  WATER 

11/21/96 

Method  Numbers 

:  EPA  5030/8015  Modified 

11/21/96 

Instrument  Name 

:  TVHBTEX2 

TVB21 120049 

Theoretical 

Concentration 

(mg/L) 

LCS 

Concentration 

(mg/L) 

LCS 

% 

Recovery 

QC  Limit 
%  Recovery 

Gasoline 


2.00 


2.25 


112.7  81  -  128 


Surrogate 


Recovery: 


112% 


70  -  126 


QUALIFIERS 

B  =  TVH  as  Gasoline  found  in  blank  also. 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 
NA  =  Not  Available/Not  Applicable. 

**  =  Limits  established  10/1/96  for  TVHBTEX2.  MAB 


•W 

/// 


(AUa± 


Analyst 


Approved 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


Compound  Name 
Benzene 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m(p-Xylene 

o-Xylene 

MTBE 

1.3,5-Trimethylbenzene 

1 .2.4- Trimethylbenzene 
1 ,2,3-Trimethylbenzene 

1 .2.3.4- Tetramethylbenzene 


Surrogate  Recovery: 
NOTES: 


EVERGREEN  ANALYTICAL.  INC. 
4036  Youngfield  St. 
Wheat  Ridge.  CO  80033 
(303)  425-6021 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

LCS21 12196-BTEX 


11/21/96 


:  11/21/96 


20.0 


Cas 

Number 
71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1634-04-4 

108-67-8 

95-63-6 

526-73-8 

488-23-3 


LCS 

Concentration 
(ug/L) 

21.3 

20.4 

18.7 
20.2 

38.8 

20.4 

20.2 

19.9 

18.4 

22.8 

20.4 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 

LCS 

% 

Recovery 

106.5 

102.0 

93.5 
101.0 
97.0 
102.0 
101.0  ' 

99.5 
92.0 
114.0 
102.0 


101% 


m.p-xylene  =  40.0  ppb  spike 


range. 


QUALIFIERS: 

E  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration 
U  =  Compound  analyzed  for,  but  not  detected. 

MA=_M°mPOUnd  f°Und  blank  and  samp,e-  Compare  blank  and  sample  data. 
NA  —  Not  available/Not  analyzed. 

=  Limits  established  10/1/96  for  TVHBTEX2.  MAB 


1  i 


ll" 


Analyst 


1.00 


602/8020 


Water 


TVB2 11 20050 


QC  Limit* 

%  Recovery 


75  - 

116 

75  - 

118 

73  - 

115 

80  - 

122 

76  - 

120 

76  - 

• 

75  - 

115 

64  - 

118 

75  - 

111 

82  - 

127 

72  - 

131 

76  -  127 


Approved 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


TOTAL  VOLATILE  HYDROCARBONS  (TVH  as  Gasoline) 
Laboratory  Control  Sample  (LCS) 


LCS  Number 

:  LCS2 11 2296-GAS 

Matrix 

:  WATER 

Date  Prepared 

:  11/22/96 

Method  Numbers 

:  EPA  5030/8015  Modified 

Date  Analyzed 

:  11/22/96 

Instrument  Name 

:  TVHBTEX2 

Lab  File  Number(s) 

:  TVB2 1120076 

Theoretical 

LCS 

LCS 

Compound 

Concentration 

Concentration 

% 

QC  Limit 

Name 

(mg/L) 

(mg/L) 

Recovery 

%  Recovery 

Gasoline 

2.00 

2.15 

107.7 

81  -  128 

^Surrogate  Recovery: 

118% 

70  -  126 

QUALIFIER? 

B  =  TVH  as  Gasoline  found  in  blank  also. 

E  =  Extrapolated  value.  Value  exceeds  calibration  range. 
NA  =  Not  Available/Not  Applicable. 

**  =  Limits  established  10/1/96  for  TVHBTEX2.  MAB 


I  CRTVH9-I  ST?1  199  vie;,  q.oo  /\  m-  nnons 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

LCS21 1 2296-BTEX 

11/22/96 _ 

11/22/96 

20.0 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


1.00  _ 

602/8020 

Water 

TVB2 11 20077 


Compound  Name 
Benzene 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m,p-Xylene 

o-Xylene 

MTBE 


1 ,3,5-Trimethylbenzene 

1 .2.4- Trimethylbenzene 
1 ,2,3-Trimethylbenzene 

1 .2.3.4- Tetramethylbenzene 
Surrogate  Recovery: 


Cas 

Number 

71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1 634-04-4 

108-67-8 

95-63-6 

526-73-8 

488-23-3 


LCS 

Concentration 

(ug/L) 

21.0 


20.6 

100% 


LCS 

% 

Recovery 

105.0 

101.5 


100.0 


101.0 


101.5 


113.5 


103.0 


QC  Limit** 
%  Recovery 
75  -  116 

75  -  118 
73  -  115 
80  -  122 

76  -  120 

76-!  ~ 

75  -  115 
64  -  118 
75  -  111 
82  -  127 
72  -  131 


76  -  127 


NOTES: 


m,p-xylene  =  40.0  ppb  spike. 


QUALIFIERS: 

E  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  found  in  blank  and  sample.  Compare  blank  and  sample  data. 
NA  =  Not  available/Not  analyzed. 

**  =  Limits  established  10/1/96  for  TVHBTEX2.  MAB 


Analyst 


_ LL-  til 

Approved 


wMi' y 


t  CSRX\\'S:>:|  SR?  11??  vie  n  .or/ar, 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield  St. 
Wheat  Ridge,  CO  80033 
(303)  425-6021 


LCS  Number 
Date  Extracted/Prepared 
Date  Analyzed 
Spike  Amount  (ug/L) 


EPA  602/8020  Data  Report 
Laboratory  Control  Sample  (LCS) 

LCS21 1 2596-BTEX 

11/25/96 _ 

11/25/96 _ 

20.0 


Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


1.00 

602/8020 

Water 

TVB21 125016 


Compound  Name 
Benzene 

Toluene 

Chlorobenzene 

Ethyl  Benzene 

m,p-Xylene 

o-Xidene 


o->^er 


1 ,3,5-Trimethylbenzene 

1 .2.4- Trimethylbenzene 
1 ,2,3-Trimethylbenzene 

1 .2.3.4- Tetramethylbenzene 
Surrogate  Recovery: 


Cas 

Number 

71-43-2 

108-88-3 

108-90-7 

100-41-4 

108-38-3 

106-42-3 

95-47-6 

1 634-04-4 

108-67-8 

95-63-6 

526-73-8 


488-23-3 


NOTES: 


m,p-xylene  =  40.0  ppb  spike. 


LCS 

Concentration 

(ug/L) 

21.7 


LCS 

% 

Recovery 


108.5 

104.0 


103.0 


104.0 


100.0 


105.0 


116.0 


QUALIFIERS: 

^  =  Extrapolated  value.  Value  exceeds  that  of  the  calibration  range. 

U  =  Compound  analyzed  for,  but  not  detected. 

B  =  Compound  found  in  blank  and  sample.  Compare  blank  and  sample  data. 
NA  =Not  available/Not  analyzed. 

established  10/1/96  for  TVHBTEX2.  MAB 

^i./l  «  i  / 


QC  Limit** 
%  Recovery 


75  -  116 

75  -  118 
73  -  115 
80  -  122 

76  -  120 
76  -  118 
75  -  115 
64  -  118 
75  -  111 
82  -  127 
72  -  131 


76  -  127 


Analyst 


Approved 


LCSBXWS2;LSB21 125.XLS;  11/26/96 


EVERGREEN  ANALYTICAL  INC. 
4036  Yourtgfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  Blank 
Date  Prepared 
Date  Analyzed 


Method  8010  Chlorinated  VOC's  Method  Blank 


Report 


RBI 12696 

11/26/96 

11/26/96 


Client  Project  No. 
Lab  Project  No. 
Lab  File  No. 


729691.32010 

96-4081 

HALL1 1 26\005F01 01 


Compound 


Vinyl  Chloride 
Chloroethane 
1 , 1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 . 1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1 . 1 . 1  -T richloroethane 
Carbon  Tetrachloride 
Trichloroethene 


CAS  # 


75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 


Concentration  (ug/L) 
U 
U 
U 
U 
U 


RL(ug/L) 

0.4 

0.4 

0.4 

0.4 

0.4 


75-34-3 

156-59-4 

71-55-6 

56-23-5 


U 

U 

U 

U 


0.4 

0.4 

0.4 

0.4 


1 .1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- T etrachloroethane 
Chlorobenzene 

1 . 1 .2.2- Tetrachloroethane 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

U 

U 

U 

U 

U 

v.t 

0.4 

0.4 

0.4 

0.42 

0.54 

2-Chlorotoluene 

95-49-8 

u 

4-Chlorotoluene 

106-49-8 

u 

1 ,3-Dichlorobenzene 

541-73-1 

u 

1 ,2-Dichlorobenzene 

95-50-1 

u 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  84%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  -  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  «  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  «  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

^  ■  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Method  Blank  Report 


Method  Blank 

:  RBI 12596 

Client  Project  No. 

:  729691.32010 

Date  Prepared 

:  11/25/96 

Lab  Project  No. 

:  96-4081 

Date  Analyzed 

:  11/25/96 

Lab  File  No. 

:  HALL1 1 25\004F01 01 

Compound 


Vinyl  Chloride 
Chloroethane 
1 , 1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 


1 , 1  -Dichloroethane 
cis-1 ,2-Dichloroethene 
1 ,1 ,1-Trichloroethane 
Carbon  Tetrachloride 
Trichloroethene 


1 . 1 .2- Trichloroethane 
T etrachloroethene 

1.1.1 .2- Tetrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 


,2-Chlorotoluene 
lorotoluene 
Dichlorobenzene 
",2-Dichlorobenzene 


A  VI  I 

m 

n72-C 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

U 

U 

U 

U 

U 

U 

U 

U 

U 

_ U _ 

U 

U 

U 

U 


RUug/L) 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.42 

0.54 

0.4 

0.4 

0.4 

0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) :  85%  70%  -  130%  (QC  limits) 

QUALIFIERS: 

U  «=  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 

RL  =  Reporting  Limit  (at  or  above  method  detection  limit). 


HLW4081.XLS;  11/27/96 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


ST24-MPL 

96-4081-03 

11/18/96 

11/19/96 

11/25/96 

11/25/96 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-4081 

Water 

HALL1125V025F0101 
RB1 12596 
1.0 


Compound 

CAS# 

Concentration  (ug/L) 

RL  (ug/L) 

Vinyl  Chloride 

75-01-4 

U 

0.4 

Chloroethane 

75-00-3 

U 

0.4 

1 , 1  -Dichloroethene 

75-35-4 

U 

0.4 

Dichloromethane 

75-09-2 

U 

0.4 

trans-1 ,2-Dichloroethene 

156-60-5 

U 

0.4 

1,1-Dichloroethane 

75-34-3 

U 

0.4 

ds-1 ,2-Dichloroethene 

156-59-4 

U 

0.4 

1 ,1 ,1-Trichloroethane 

71-55-6 

U 

0.4 

Carbon  Tetrachloride 

56-23-5 

U 

0.4 

Trichloroethene 

79-01-6 

U 

0.4 

1,1 ,2-Trichloroethane 

79-00-5 

U 

0.4 

T etrachloroethene 

127-18-4 

U 

0.4 

1,1,1 ,2-Tetrachloroethane 

79-00-5 

U 

0.4 

Chlorobenzene 

108-90-7 

U 

0.42 

X1,2,2-Tetrachloroethane 

79-34-5 

U 

0.54 

^Khlorotoluene 

95-49-8 

U 

0.4 

^Chlorotoluene 

106-49-8 

U 

0.4 

1 ,3-Dichlorobenzene 

541-73-1 

U 

0.4 

1 ,2-Dichlorobenzene 

95-50-1 

U 

0.4 

Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  :  77%  70%  - 130%  (QC  limits) 

QUALIFIERS: 

U  «  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  -  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  =  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Method  601/8010  Chlorinated  VOC's  Sample  Report 

ST24-MPJ  Client  Project  No.  :  729691.32010 

96-4081-07  Lab  Project  No.  :  96-4081 

11/18/96  Matrix  :  Water 

1 1  /1 9/96  Lab  File  No.  :  HALL1 1 26\01 0F01 01 

11/26/96  Method  Blank  :  RB1 12696 

1 1 Z26/96  Dilution  Factor  :  1.0 


L 


Compound _ 

Vinyl  Chloride 
Chloroethane 
1 ,1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 . 1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1.1.1  -Trichloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- Tetrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

0 

U 

U 

U 

_ U _ 

U 

U 

U 

U 

_ u _ 

u 

u 

u 

u 


RL  (ug/L) 
0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene)  : 


70%  -  130%  (QC  limits) 


QUALIFIERS: 

U  -  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  =  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  **  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  ■  Reporting  Limit  (at  or  above  method  detection  limit). 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425*6021 

Method  601/8010  Chlorinated  VOC's  Sample  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


ST24  Reid  Blank 

96-4081-09 

11/18/96 

11/19/96 

11/26/96 

11/26/96 


Compound _ 

Vinyl  Chloride 
Chloroethane 
1 , 1  -Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 . 1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1 . 1 . 1  -T richloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 .1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- Tetrachloroethane 
Chlorobenzene 

^J.,2,2-Tetrachloroethane 
lorotoluene 
lorotoluene 
1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  Rle  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-4081 

Water 

HALL1 1 26\01 2F01 01 
RBI 12696 
1.0 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

U 

U 

U 

U 

_ U _ 

U 

U 

U 

U 

_ U _ 

U 

U 

U 

U 


RL  (ug/L) 
0.4 


70%  -  130%  (QC  limits) 


QUAURERS: 

U  «  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  «  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  -  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  «  Reporting  Limit  (at  or  above  method  detection  limit). 


NOTES: 


HLW4081  JOS;  11/27/96 


EVERGREEN  ANALYTICAL,  INC. 
4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Method  601/8010  Chlorinated  VOC'a  Sample  Report 


Client  Sample  No. 
Lab  Sample  No. 
Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


Trip  Blank 

96-4081-11 

11/18/96 

11/19/96 

11/26/96 

11/26/96 


Compound _ 

Vinyl  Chloride 
Chloroethane 
1,1-Dichloroethene 
Dichloromethane 
trans-1 ,2-Dichloroethene 

1 . 1  -Dichloroethane 
cis-1 ,2-Dichloroethene 

1.1.1  -Trichloroethane 

Carbon  Tetrachloride 
Trichloroethene _ 

1 . 1 .2- Trichloroethane 
Tetrachloroethene 

1.1.1 .2- T etrachloroethane 
Chlorobenzene 

1 .1 .2.2- Tetrachloroethane 
2-Chlorotoluene 
4-Chlorotoluene 

1 ,3-Dichlorobenzene 

1 .2- Dichlorobenzene 


Client  Project  No. 
Lab  Project  No. 
Matrix 
Lab  File  No. 
Method  Blank 
Dilution  Factor 


729691.32010 

96-4081 

Water 

HALL1 1 26\01 4F01 01 
RB1 12696 
1.0 


CAS# 

75-01-4 

75-00-3 

75-35-4 

75-09-2 

156-60-5 

75-34-3 

156-59-4 

71-55-6 

56-23-5 

79-01-6 

79-00-5 

127-18-4 

79-00-5 

108-90-7 

79-34-5 

95-49-8 

106-49-8 

541-73-1 

95-50-1 


Concentration  (ug/L) 
U 
U 
U 
U 

_ U _ 

U 

U 

U 

U 

_ U _ 

U 

U 

U 

U 

_ U _ 

U 

U 

u 

u 


RL  (ug/L) 
0.4 


Surrogate  Recovery  (1-Chloro-2-Fluoro-Benzene) 

QUALIFIERS: 

U  -  Compound  analyzed  for,  but  not  detected  above  the  Reporting  Limit. 

B  -  Compound  in  blank  and  sample.  Compare  blank  and  sample  data. 

E  «  Extrapolated  value.  Concentration  exceeds  the  upper  limit  of  the  calibration. 
RL  «  Reporting  Limit  (at  or  above  method  detection  limit). 


130%  (QC  limits) 


NOTES: 


Approved 


HLW4081.XLS;  11/27/96 


Date  Performed:  1 1/25/98  Reference  Standard:  V832 
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Method  8010  Quality  Control  Samples 


•very  Range  1 
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CO 

CD 

CD 
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CO 

CD 
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19.895 

20.368 

rx 

in 

T~ 
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18.515| 

00 

CD 

CO 

U 

I  Sample 
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d 

CM 

669  61 

9 

19.3341 

22.397| 
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17.0341 
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EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

• 

Methane  Report  Form 

Method  Blank  Report 

Method  Blank  Number 

Date  Extracted/Prepared 

Date  Analyzed 

:  GB1 12296 
:  11/22/96 
:  11/22/96 

Client  Project  No. 

Lab  Work  Order 

Dilution  Factor 

Method 

Matrix 

Lab  File  No. 

729691.32010 

96-4081 

1.00 

RSKSOP-175M 

Water 

GAS11 22002 

Compound  Name 

Cas  Number 

Sample 

Concentration 

mg/L 

RL 

mg/L 

Methane 

74-82-8 

U 

0.002 

Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 


Approved 


AF4081.XLS 


EVERGREEN  ANALYTICAL,  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


ST24-MPM 

96-4081-01 

11/18/96 

11/19/96 

11/22/96 

11/22/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4081 

10.00 

RSKSOP-175M 

Water 


GAS11 22022 


Compound  Name 


Methane 


Sample 

Cas  Number  Concentration 

_ _ mg/L 


RL 

mg/L 


74-82-8 


0.16 


0.02 


Temperature  : 

70.6  F 

Saturation 

Meth 

0.038^^1 

Amount  Injected  : 

0.05  ml 

Concentration 

Total  Volume  of  Sample  : 

43  ml 

Concentration 

Meth 

0.12130777. 

Head  space  created  : 

4  ml 

in  Head  Space 

Methane  Area  : 

89.296  ug 

Atomic  weight(Methane) 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


AF4081.XLS 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Methane  Report  Form 


Client  Sample  Number 

ST24-MPL 

Client  Project  No. 

729691.32010 

Lab  Sample  Number 

96-4081-03 

Lab  Work  Order 

96-4081 

Date  Sampled 

11/18/96 

Dilution  Factor 

10.00 

Date  Received 

11/19/96 

Method 

RSKSOP-175M 

Date  Extracted/Prepared 

11/22/96 

Matrix 

Water 

Date  Analyzed 

11/22/96 

Lab  File  No. 

GAS11 22024 

Sample 

Compound  Name 

Cas  Number 

Concentration 

RL 

mg/L 

mg/L 

Methane 

74-82-8 

0.33 

0.02 

fature 
AiT^Wht  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


_ 69_F  Saturation  Meth  _ 0.080086849 

0.05  ml  Concentration 

43  ml  Concentration  Meth  _ 0.25376866 

4  ml  in  Head  Space 

186.238  ug 


Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 


AF4081.XLS 


EVERGREEN  ANALYTICAL.  INC. 

4036  Youngfield  St.  Wheat  Ridge.  CO  80033 
(303)  425-6021 


Client  Sample  Number 
Lab  Sample  Number 
Date  Sampled 
Date  Received 
Date  Extracted/Prepared 
Date  Analyzed 


Methane  Report  Form 


ST24-MPJ 

96-4081-07 

11/18/96 

11/19/96 

11/22/96 

11/22/96 


Client  Project  No. 
Lab  Work  Order 
Dilution  Factor 
Method 
Matrix 
Lab  File  No. 


729691.32010 

96-4081 

1.00 

RSKS0P-175M 

Water 


GAS 11 22027 


Compound  Name 


Methane 


Cas  Number 


Sample 

Concentration 

mg/L 


RL 

mg/L 


74-82-8 


0.014 


0.002 


Temperature 
Amount  Injected 
Total  Volume  of  Sample 
Head  space  created 
Methane  Area 


69.1  F 
0.5  ml 
43  ml 

_ 4_ml 

77.913  ug 


Saturation  Meth  _ q.qq 

Concentration 

Concentration  Meth  _ 0.01061444 

in  Head  Space _  ~~ 


Atomic  weight(Methane) 


16  g 


Qualifiers 

E  =  Extrapolated  value. 

U  =  Compound  analyzed  for,  but  not  detected. 
B  =  Compound  also  found  in  the  blank. 

RL  =  Reporting  Limit. 

NA  =  Not  Available/Not  Applicable. 


Analyst 


AF4081.XLS 


Evergreen  Analytical,  Inc. 

4036  Youngfield,  Wheat  Ridge,  CO  80033 
(303)  425-6021 


RSKSOP-175M  Gas  Method 
Methane  LCS  Report  Form 


LCS  No. 

Date  Prepared 
Date  Analyzed 
E.A.  LCS  Source  No. 


LCS1 12296 
11/22/96 
11/22/96 
1886 


EPA  Method  No. 
Matrix 

Method  Blank 
Lab  File  No. 


RSKSOP-175M 
Water 
GB1 12296 
GAS1 122009 


Compound 

Spike 

Added 

(ug) 

Method  Blank 
Concentration 
(ug) 

LCS 

Concenration 

(ug) 

LCS 

%REC 

QC 

Limits 

%REC 

Methane  Gas 

500 

0 

417 

83 

64-90 

Spike  Recovery: 

0 

out  of  (1)  outside  limits. 

Note:  The  LCS  was  made  by  taking  the  sample  and  displacing  4ml  of  headspace  with  a  1  % 
methane  gas  and  shaking  the  VOA  for  5  minutes.  Then  injecting  50  ul  from  the  headspace  into  the  GC 
resulting  in  a  theoretical  concentration  of  500  ug. 


Notes 

*  =  Values  outside  of  QC  limits. 
NA  =  Not  analyzed/not  available. 


Analyst 


Approved 


LCS1122.XLS;  11/25/96 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)425-6021  ' 

Anion  Report 


* 

Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 

11/18/96 

11/19/96 

11/19/96 

11/19/96 

Evergreen 
SamDle  # 

Client 
Samcle  ID. 

Matrix 

96-4081-01 

ST24-MPM 

Water 

96-4081-01 

Duplicate 

ST24-MPM 

Duplicate 

Water 

96-4081-02 

LF06-MPG 

Water 

96-4081-03 

ST24-MPL 

Water 

96-4081-05 

LF06-MPF(S) 

Water 

96-4081-07 

ST24-MPJ 

Water 

96-4081-08 

LF06-MPB 

Water 

Client  Project  ID.  :  729691.32010 

Lab  Project  Number  :  96-4081 

Method  :  EPA  300.0 

Detection  Limit  :  0.25  mg/L 

Dilution 

Chloride  mg/L  Factor 

5.0  1 

5.1  1 

3.3  1 

4.0  1 

6.4  1 

3.4  1 

2.8  1 


Method  Blank  (11/19/96)  Water  <0.25 


Quality  Assurance 


SDike  Amount 
(mg/L) 

SamDle  Result 
(mg/L) 

SDike  Result 
(mg/L) 

%  Recovery 

96-4081-01 

ST24-MPM 

Matrix  Spike  10.0 

5.0 

14.0 

90 

96-4081-01 

ST24-MPM 

< 

Matrix  Spike  Dup  10.0 

5.0 

13.8 

88 

EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled 
Date  Received 
Date  Prepared 
Date  Analyzed 


11/18/96 

11/19/96 

11/19/96 

11/19/96 


Client  Project  ID. 
Lab  Project  Number 
Method 

Detection  Limit 


729691.32010 
96-4081 
EPA  300.0 
0.076  mg/L 


Evergreen 

Client 

Dilution 

Sample  # 

Sample  ID. 

Matrix 

Nitrite-N  ma/L 

Factor 

96-4081-01 

ST24-MPM 

Water 

<0.076 

1 

96-4081-01 

ST24-MPM 

Water 

<0.076 

1 

Duplicate 

Duplicate 

96-4081-02 

LF06-MPG 

Water 

<0.076 

1 

96-4081-03 

ST24-MPL 

Water 

<0.076 

1 

96-4081-05 

LF06-MPF(S) 

Water 

<0.076 

1 

96-4081-07 

ST24-MPJ 

Water 

<0.076 

1 

Jp6-4081-08 

LF06-MPB 

Water 

<0.076 

1 

Method  Blank 

(11/19/96) 

Water 

<0.076 

1 

96-4081-01 


96-4081-01  ST24-MPM 


Quality  Assurance  * 
?ike  Amount  Sample  Re 


ST24-MPM 
Matrix  Spike  10.0 


(mg/L) 

(mg/L) 

(mg/L) 

10.0 

<0.25 

9.3 

93 

10.0 

<0.25 

9.3 

93 

EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 

Anion  Report 


Date  Sampled 

Date  Received 
Date  Prepared 
Date  Analyzed 

11/18/96 

11/19/96 

11/19/96 

11/19/96 

Client  Project  ID.  : 

Lab  Project  Number  : 
Method 

Detection  Limit  : 

729691.32010 

96-4081 

EPA  300.0 
0.056  mg/L 

Evergreen 
SamDle  # 

Client 
SamDle  ID. 

Matrix 

Nitrate-N  ma/L 

Dilution 

Factor 

96-4081-01 

ST24-MPM 

Water 

<0.056 

1 

96-4081-01 

Duplicate 

ST24-MPM 

Duplicate 

Water 

<0.056 

1 

96-4081-02 

LF06-MPG 

Water 

<0.056 

1 

96-4081-03 

ST24-MPL 

Water 

<0.056 

1 

96-4081-05 

LF06-MPRS) 

Water 

<0.056 

1 

96-4081-07 

ST24-MPJ 

Water 

1.5 

1 

96-4081-08 

LF06-MPB 

Water 

3.2 

1 

Method  Blank  (11/19/96)  Water  <0.056 

Quality  Assurance  *  , 

1 

SDike  Amount 

SamDle  Result 

SDike  Result 

%  Recovery 

(mg/L) 

(mg/L) 

(mg/L) 

96-4081-01  ST24-MPM 

Matrix  Spike  10.0 

<0.25 

9.0 

90 

96-4081-01  ST24-MPM 

Matrix  Spike  Dup  10.0 

<0.25 

9.0 

90 

MS/MSD  RPD 

=  Quality  assurance  results  reported  as  Nitrate  (N03). 


0.7 


EVERGREEN  ANALYTICAL,  Inc. 

4036  Youngfield  St.  Wheat  Ridge,  CO  80033 
(303)  425-6021 


Quality  Assurance 


Spike  Amount 

Sample  Result 

Spike  Result 

%  Recovery 

(mg/L) 

(mg/L) 

(mg/L) 

96-4081-01 

ST24-MPM 

Matrix  Spike  1 0.0 

0.28 

9.4 

91 

96-4081-01 

ST24-MPM 

Matrix  Spike  Dup  1 0.0 

0.28 

9.3 

90 

APPENDIX  C 


ANALYTICAL  MODEL  OUTPUT 


L:\SH\24APPNDX.DOC 


APPENDIX  C-I 


ANALYTICAL  MODEL-NA,  8%  SOURCE  DECAY  COEFFICIENT 


L:\SH\24APPNDX.DOC 


Transient  Solution  to  the  Advective-Dispersive  Equation  for  One-Dimensional  Flow, 
Type  Three  Boundary  Condition  (46.5  mg/L  source  decaying  at  8%  per  year,  with  a 
0.08  day-1  solute  decay  coefficent,  Constant  Time,  Variable  Location) 


•ogeologic  Data 


Hydraulic  conductivtiy 


K 


=17.71- 


m 

day 


Hydraulic  gradient 

Effective  porosity 
Total  porosity 
Longitudinal  dispersivity 
Concentration  of  Injected  Contaminant 

Initial  Dissolved  Contaminant  Concentration 


I  =0.01 .5 

ft 

ne:=0.3 


n  =0.37 


a  v  :=6  m 


C  s :  =46.5— L 

s  liter 


C  „ :  =0  — 
0  liter 


£g.tar-dMLon..CQgfficient  Calculation 

Solute  Decay  Rate 


X  =0.08 


day 


oil  sorption  coefficient  (EPA,  1990) 


y.  =0.00022 


day 


Koc  =79  — 

00  gm 


Bulk  density  (Freeze  and  Cherry,  1979) 
Organic  carbon  content 
Retardation  coefficient 


Pb  =1-65-^ 
cm 

foe  :=0.06  % 


R  =1  +- 


P  b'R  oc'f  oc 


R- 1.211 


GroundwaterHydraulics  -Calculations 


Groundwater  velocity  (pore-water) 


_KI 


v  x  =  0.59*-j-L 

*  day 


Contaminant  velocity 


vr  =  0.487- 


ngitudinal  dispersion  coefficient 


Dx  -a xvx 


day 


Dx  =  38.126*-^- 
*  day 


1  :\columbus\rptst24\model\CALlBX.MCD 


Present  (4  years  since  source  removal  in  1993) 


Ax  -l  m 


Xj  :=Axj 


t  -1460  day 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


r  i 

L  A 


l:\columbus\rptst24\model\CALIBX.MCD 


5  years  from  present  (2002) 


t  -3285  day 

Ax  =1  m 
xj  =Axj 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


l:\coIumbus\rptst24\model\NA5X.MCD 


10  years  from  present  (2007) 


t  =5110  day 

Ax  =lm 
xj  :=Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


1 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


15  years  from  present  (2012) 


j=0 .1000 


t  -6935  day 


Ax  -1  m 


Xj  -Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj :  =C  0exp(-Xt)-  ul  1  -erf— 1 


+  C  s  exp(-y-t) 


2./D  vRt  *DxR 


,  4  DR 

vx-Hvx  - 55 — (X— y) 


R'Xj  -  v  x't  1  VXX  vx2  t  vx  x.  R  xr 

—> -  -I--.  1  +__i exp  ■  1  -erf  — L 


4  DX  R  t  +2  1+-DT^D^R  eXp-D^ 


4dxR 


2.Jd7r1 


-vx  *  + - J— (X-r)  Xj  R-Xj-t-  vx  1+. - j-(k-y) 


4DXR 


■  1  -  erf  - 


2Jd^r1 


4DxR 


x+vx  Mh - j — (X— y)  Xj  RXj-(-tvx  1  -(- - l_(X-y) 


,  4DXR 
1+ - ^ — (X-y) 

I  vx 


4  dxr 


2jD^Rl 


2DxR(X-y)  I  Dx 


r v  x  *j  i  ,  Rx.+vxt 

exp  — -i_(X-y)  t  •  1-erf — J 


2Jd7r1 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


20  years  from  present  (2017) 


Ax  -1m 


Xj  :-Ax  j 


t  '-8760-day 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


r  i 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


r  i 

L  J 
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30  years  from  present  (2027) 


Ax-  lm 


Xj  -Axj 


t  -12410  day 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


1  :\col  umbus\rptst24\model\N  A30X .  MC  D 


35  years  from  present  (2032) 


j  =0.1000 


t  =14235  day  ’ 


Ax  :=l-n 


xj  -Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj  =C0exp(-Xt)-  1-— •  l~erf 


Rx;  — vx4  Vv2t 


2JDxRt 


R  Xj-vx  t  1  vx  Xj  v  x -t  Vx  Xj  R  Xj-|-V  x  t 

-75rsr-j+2  1 +-D7+D7R  -» -07  ■ 1 dgjjn 


4  dxr 


vx-vx  - j— (A.-y)Xj  R-Xj-tvx  1-t - (X-y) 


+C  s  exp(-yt)- 


,  4  DXR 

vx"Hvx*  Uh - 2~‘ (^-y) 


4dxR 


4dxR 


vx-i-vx-  — j- (>.-y)  Xj  R-xj+t-vx .11  + - 2 — ( ^- — y) 


,  4dxr 

vx-vx  It- — ?-•  (x-r) 


4  DXR 


2-Jd  x'Rt 


2-DxR(X-y) 


v  X‘Ai 

exp  — - (> — y)-t  1  -  erf 


RXj-l-v  xt 
2jD^R_t 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


40  years  from  present  (2037) 


Xj :  -Ax  j 


t  =16060day 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


f  ^ 

L  J 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


l:\columbus\rptst24\model\NA40X.MCD 


50  years  from  present  (2047) 


t  -19710  day 

Xj  rAx  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


l:\coIumbus\rptst24\modeI\NA50X.MCD 


Transient  Solution  to  the  Advective-Dispersive  Equation  for  One-Dimensional  Flow, 
Type  Three  Boundary  Condition  (46.5  mg/L  source  decaying  at  8%  per  year,  a  0.08 
day-1  solute  decay  coefficient,  Constant  Location,  Variable  Time) 


ogeologic  Data 

Hydraulic  conductivtiy 


Hydraulic  gradient 

Effective  porosity 
Total  porosity 

Longitudinal  dispersivity  (EPRI,  1985) 
Concentration  of  Injected  Contaminant 

Initial  Dissolved  Contaminant  Concentration 


K=17.7lJL 

day 


I  =0.01 

ft 

n  c  =0.30 
n  =0.37 
a  x -6  m 
Cs  =46.5^- 

5  liter 

Co  :=0  JBi 

0  liter 


Retardation  Coefficient  Calculation 
Solute  Decay  Rate 


Source  Decay  Rate 


il  sorption  coefficient  (EPA,  1990) 


X  =0.08 


day 


T: =0.00022 


day 


=79  — 

00  gm 


Bulk  density  (Freeze  and  Cherry,  1979) 
Organic  carbon  content 
Retardation  coefficient 


Pb  =1.65  ^ 

cm 

foc  =0.06% 


R  =H 


P  b’R  < 


R  - 1.21 1 


Groundwater  .Hydrawliss.  Caicwlations 

Groundwater  velocity  (pore-water) 


Contaminant  velocity 
Lngitudinal  dispersion  coefficient 


t  =  0.59*-{— 

1  day 


vc  =  0.487--^- 

c  day 


D  x  a  x  v  x 


=  38.126*^. 

day 


l:\columbus\rptst24\model\NAlMT.MCD 


1  meter  downgradient  from  the  source  area  (MPM/MPC) 


At  =1  year 
tj  -  =  At-  i 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


r  i 

L  A 


Concentration  of  BTEX  (mg/L)  versus  Time  (years)  Concentration  of  BTEX  (mg/L)  versus  Time  (years) 


year  year 


Concentration  of  BTEX  (mg/L)  versus  Time  (years) 


l:\columbus\rptst24\model\NAl  MT.MCD 


22  meters  downgradient  from  the  source  area  (W71) 


initial  Plume  Distribution  Calculation 
year  =365  day  i  =1. 120 
At  - 1  year 
t;  =Ati 


x  -22  m 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj  -C  0  exp  -X  tj 


+  C  s  exp  -y  tj 


1_A.  1  -  erf 

2  2 


vx  ‘i 
n  D  XR 


•exp 


Rx— v  x'tj 


4DxRtj 


4 1 


X 

> 

vx+vx  I 

1,  4DxR 

1+ — | — <x-r) 

VX 

exp 


'  4DxR 

VX-VX 

i+ — i-<x-r> 

•X 

4 

vx 

2d, 


1  -  erf 


•exp 


RX-t; 


X~  1-erf 


R  x  +  V  X'tj 

2VD«R,i 


uiSii. 


a-r) 


2-^KTi 


VX-VX  !+- 


4-D  v-R 


■a-Y) 


2DxR(X-y) 


exp 


1,  4DxR 

vxH-vx 

1+— 4-(>-r) 

•X 

■ 

Vx 

2D, 


1  -erf 


4  D  x  R 


Rx-f-tjVx  \-\ - =—• (X-y) 


exp 


W-(X-Y),i 


1  -  erf 


Rx-t-v  xtj 


year 
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41  meters  downgradient  from  source  area  (MPL) 


Plume  Distribution  Calculation 
i  :  =  1 ..  120 


x  -41  m 


year  -365  day  At  -1  year 
tj  -Ati 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 

2 


Cj  -C  0  exp  -X-tj 


+  Cs  exp  -ytj 


1  R-X-Vvt: 

1  .  1  .rf  *  1 

2 

2VD*Rti  ’ 

vx 

1  4DxR 

vx+vx-  1 

|l+  ^  (X  y) 

4 

vx 

VxS 

D  X  R 


■exp 


•exp 


Rx-vxtj  2 

—  ics 

4- 

4-D  xRtj 

1  4dx.R 

.o  _  v’i 

1  +  2 

\  Ap  —  7/ 

V  x  X  V  x  tj  v  Y  X 

+- 

X 


D x  1  DXR  Cxp  D 


x  X  .  l-erf  RX+Vx,i 


2d, 


1  -  erfi 


Rx-tj- 


_ _ _ “1  * 


,  4  D  x  R 

U — =-• (x-r) 


vx-vx-  !  + 


4dvr 


(X-y) 


2-D  x-R(X-y) 


exp 


'  4dxR 

vx-hvx 

U - ^ — (X-y) 

•X 

'N 

vx 

exp 


■^-(X-y)^ 


1  -  erf 


2D, 


R‘x+V  xt- 


1  —  erf] 


/DxRtj 

1 

,  4  D  x  R 

R-x-ft-vx-  I 

1  -1 - (X-y) 

4 

vx 

2, 

^D  x-R-tj 

Concentration  of  BTEX  (mg/L)  versus  Time  (years) 


year 


Concentration  of  BTEX  (mg/L)  versus  Time  (years) 


40  42  44  46  48  50 


year 


Concentration  of  BTEX  (mg/L)  versus  Time  (years) 


70 


72 


74 


76  78  80 
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year 


APPENDIX  C-2 


ANALYTICAL  MODEL-BB,  50%  SOURCE  DECAY  COEFFICIENT 


L:\SH\24APPNDX.DOC 


Transient  Solution  to  the  Advective-Dispersive  Equation  for  One-Dimensional  Flow, 
Type  Three  Boundary  Condition  (46.5  mg/L  source  decaying  at  50%  per  year,  a  0.08 
day-1  solute  decay  coefficient,  Constant  Time,  Variable  Location) 


ogcologic  Data 


Hydraulic  conductivtiy 


K=17.71  ” 
day 


Hydraulic  gradient 

Effective  porosity 
Total  porosity 
Longitudinal  dispersivity 
Concentration  of  Injected  Contaminant 

Initial  Dissolved  Contaminant  Concentration 


i  =o.oi  5 

ft 


n  c  -0.3 
n  =0.37 
a  x  -6  m 


-46.5 

liter 


C0 


:=0“8 

liter 


Retardation  ..Coefficient  Calculation 
Solute  Decay  Rate 

Source  Decay  Rate 


il  sorption  coefficient  (EPA,  1990) 


X  =0.08 


day 


y  =0.00137 


1 

day 


-'70  niL 


K  oc  ~79 


gm 


Bulk  density  (Freeze  and  Cherry,  1979) 
Organic  carbon  content 
Retardation  coefficient 


Pb  =1-65-^ 
cm 

foe  :=0.06  % 

„  PbKoc^oc 

R  :=1  +■ - - - 


Groundwater  Hydraulics  Calculations 

Groundwater  velocity  (pore-water) 

Contaminant  velocity 


Longitudinal  dispersion  coefficient 


,x  =  0.59--5L 
x  day 


vc  =  0.487-^- 

c  day 


D  x  =  38.126*-—— 

x  day 


1.211 


l:\columbus\rptst24\model\BS  1  X.MCD 


After  1  year  of  Biosparging  (1998) 


Initial  Plum?  Distribution  Calculation 

j:=0..1000 
Ax  -  l  m 


t  -1825-day 


xj :  -Ax-j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj  -C  0  exp(-X  t) 


+  C  s  exp(-y  t)- 


i  R'Xj  -  v  x  t 

V  1  erf  } 

2 

2-^DgTt  * 

r 

VX 

V*~hVX\j 

L  4dx.r 

|1+ - |-a-y) 

vx 

Vv-t 


•exp 


R’Xj  —  v  x  t 


4  D  X-R  t 


1 


t  VX*j  v/t  vx.Xj 

1  —  exp  1  -erf  — ± 


R'Xj  x‘t 


*2  Dx  ^DXR 


■exp 


vx~vx‘  M  +■ 


4  DXR 


a-r) 


2d, 


1  -erfl 


z-yp^t 


,  4Dx.R 

vx~vx  '+ - t- 


U-y) 


2d  xR(X-y) 


v  X 

expl 


exp 


vx+vx  !+■ 


4Dv-R 


•a-y> 


2D, 


R  Xj  - 1 

vx- 

,  'N 

.  4DxR 

l+ — 5 — cx-r> 

vx 

2 

y°  x  Rt 

Rxj-i-tv  x- 
f  - _ _ _ JS 

'  4  DX  R 

1+- 5— (X-y) 

vx 

1  2A/DxRt  j 

VXXj 


-U-y)t 


-R-Xj+Vx-t 

1  -  erf  — - - 

2yo^R7t 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


f  1 

L  A 


m 
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l:\columbus\rptst24VmodeI\BS3X.MCD 


After  4  years  of  Biospargmg  (2001) 


j  ^0 . 1000 

Ax  -l  m 


t  -2920  day 


xj  -Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


1  KXi 

C-  -C  o  exp(-Xt)-  1  -  —  1-erf - ± 

J  2  ■  f- 


Rxj-vxt  vxzt  Rxj-Vx‘  1  VXXj  v/t  vxx 

2  JDxRt  *  DxR  [  4  DxR  t  j  2  Dx  DxR  Dx 


ZJD^t 


+  Csex  p(-y-t) 


vx 

VX-HVX-  j 

'  4dxR 

'1  +- - I — (X-y) 

4 

vx 

x 

> 

X 

> 

1 _ 1 

1 _ 

1,  4  DXR 

i+ — j~a-r) 

vx 

_ 

1 - 

K> 

b 

X 

1 _ 

4-D  xR 


R-Xj-t  vx  II  -t - j— (X-y) 


4-DxR 


vx+vx  1  i - j- (A—y)  xj 


L  4  D  x  R 

vx-vx-  1+ — 5— (*--r) 


2-jD^t 


L  4DxR 

R  Xj  +■  tv  x.  J 1  H - — •  (  X-y) 

2  a/d^u 


|  +  L - — - exp^l-(X-y)  t|.  1-erf  ^L 

1  2  DxR(X-y)  Dx  r/  ‘  - 


2jD^R“t 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


28  30 


(mg/L)  Concentration  versus  Distance  (m) 


62  63 


64  65 


After  5  years  of  Biosparging  (2002) 


j  =0.1000 


t  =3285  day 


Xj  -Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


1  R  x;-vxt  v  v  *t 

C  =C0exp(At).  1--  1-erf  _ -  -  exp 

J  2  2-jD^Et  *‘D*'R 


RXj-vxt  vx2t  T  RXj-vxt2]  1  vx-Xj  Vx2t  vx-Xj  RXj^vxt 

- J  -  — = — exp - -=- -  •  1  -t-— — —  -f-  — — —  exp  —  1-erf - - 

2  ./dTr!  bDxR  4DxRt  2  Dx  DXR  Dx  2JD  x  R  t 


,  4dxR 

vx-vx-  !+• — — •  (*--r)  xj 

+  C  sexp(-yt) - V * - -exp  J - .  * - J —  •  1-a 

4 DXR  L  20 x  J 

vx+vx  1+- — x-(^--r) 


'  4dxR 

R'X;  -  t-  VX  li - ^_  (X_y) 


2-JDxRl 


4DxR 


vx-l-vx  1h - 2~(X-r)  Xj  RXj+tvx  li - —  (X-r) 

_ _ 1  _ L  .  1  _erf _ 4 - — - 


,  4DxR 

vx-vx-  1  -I- - X—  (>--Y) 


4  D  *  R 


2-a/d  xRt 


V  V  T  X ~  i  ’  X 

+  - -  exp  —  J-(X-Y)t  1  -  erf - J  . 

2DxR(X-Y)  dx  2jD  v-Rt 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


28  30 


(mg/L)  Concentration  versus  Distance  (m) 


62  63 


64  65 


Transient  Solution  to  the  Advective-Dispersive  Equation  for  One-Dimensional  Flow, 
Type  Three  Boundary  Condition  (46.5  mg/L  source  decaying  50%  per  year,  a  0.08 
day-1  solute  decay  coefficient,  Constant  Location,  Variable  Time) 


^^^aggglogic  Data 

Hydraulic  conductivtiy 


K  =17,71  -j— 

day 


Hydraulic  gradient 


i  =0.01  5 


Effective  porosity 


n  c  =0.30 


Total  porosity 


n  =0.37 


Longitudinal  dispersivity  (EPRI,  1985) 


a  x  -*6  m 


Concentration  of  Injected  Contaminant 


Cs:=46.5J?i 

s  liter 


Initial  Dissolved  Contaminant  Concentration 


Co:=0i?S 

0  liter 


Solute  Decay  Rate 


X  =0.08 


Source  Decay  Rate 


y  :=0.00137 


il  sorption  coefficient  (EPA,  1990) 


Koc  =79i 


Bulk  density  (Freeze  and  Cherry,  1979) 


Pb=l-65-^ 

cm 


Organic  carbon  content 


:=0.06  % 


Retardation  coefficient 


P  b  ^  oc  f  oc 


R-  1.211 


Groundwater  velocity  (pore-water) 


v  X  =  0.59*~-L 

*  day 


Contaminant  velocity 


ongitudinal  dispersion  coefficient 


Vc  R 


vc  =  0.487--£L 
c  day 


Dx  =  38.126*-?- 
*  day 


l:\columbus\rptst24\model\BS  1  MT.MCD 


1  meter  downgradient  from  source  area  (MPC/MPM) 


At  =1  year 
tj  =At  i 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


f  ^ 

L  jL 


Concentration  of  BTEX  (mg/L)  versus  Time  (years) 


5  10  15  20 


year 


l:\coIumbus\rptst24\model\BSlMT.MCD 


22  meter  downgradient  from  source  area  (W71) 


At  -1-year 
tj  =Ati 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


41  meters  downgradient  from  the  source  area  (MPL) 


|jt!  Plume  Distribution  Calculation 
week  :  =7  day  i :  =  1 ..  2700 
At  =1  week 
t;  -At  i 


:=41n 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Cj  -C  0- exp  -X  tj 


+  Cs  exp  -y  tj 


1_*.  1  _  erf  — 

2  2 


vx  *j 


•exp 


4  DX  R  t 


^  1  + 


VyX  VX 


D  v-R 


•exp 


1  -  erf 


vx-hvx-  ‘  A+- 


!  4Dx.r 


(X-r) 


exp 


V  v  - 

1,  4dxR 

1  _1_  A  .n  y\ 

v  X 

i  -j  V  a,  y; 

vx 

2d, 


1  — erfl 


Rx+Vx*j 
_ _ -1 


vx-vx-  M+- 


4  DxR 


U-y) 


2dxr.(X-y) 


•exp 


L  4dxr 

1  A  n  v'i 

v  x-r  V  x 

1  *  i  2 

vx 

2D, 


•expi 


^ - (X-Y)ti 

u  x 


1  -erf 


1  -erfl 


Rx-t- 

VX' 

_ 1 

,  4  D  x  R 

1  -( - 5 — (X—  y) 

vx 

2; 

R  x-i-tj  vx- 

f  J. 

^DxRti 

1,  4d  r 

1-t— 4— (X-y) 

VX 

200  400  600 


week 


200  250  300  350  400 


week 


i 


Concentration  of  BTEX  (mg/L)  versus  Time  (weeks) 


APPENDIX  C-3 


ANALYTICAL  MODEL  SENSITIVITY  ANALYSES 


L:\SH\24APPNDX.DOC 


Sensitivity  Analysis  of  Hydrualic  Conductivity  (2  times  less  than  observed  value)  -  Present 


J-0..1000 

Ax-lm 


t  -1460  day 


Xj  -Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


1  ,  RXj-vxt  yx2t  RXj  -  v  xt  i  vxx.  Vv2t  vxx-  Rx.fvxt 

C;  ”C  0exp(-Xt)*  1-4  1-erf . 1 .  -  -A—  exp - -i - —  +JL.  1  +  *  exp  1-crf-^ _ - 

1  2  *DxR  4-D X-Rt  2  ^  Dx  +DXR  Dx  2  ,/dTrI 


4  DXR 


vx  1 

vx^vx 

1  4  D  XR 

1-h - tt-y) 

4 

Vx 

vx*  vx*  - j  Y)  xj  RXj - 1  vx.  1 1-( - ^ — (X-y) 
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Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 
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f  1 


L  A 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m)  Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


l:\columbus\rptst24\model\SENSXHl.MCD 


Sensitivity  Analysis  of  Total  Organic  Carbon  Content  (10  times  less  than  observed  value)  -  Present 


Ax  -1  m 


xj  :-Axj 


t  -1460  day 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


r  i 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m)  Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


l:\columbus\rptst24\model\SENSXT2.MCD 


Sensitivity  Analysis  of  Total  Organic  Carbon  Content  (10  times  greater  than  observed  value)  -  Present 

t  =1460  day 

Ax-lm 
Xj  :=Axj 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


(mg/L)  Concentration  versus  Distance  (m) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


l:\columbus\rptst24\model\SENSXTl.MCD 


Sensitivity  Analysis  of  Effective  Porosity  (25  percent  less  than  observed  value)  -  Present 

t  =1460  day 

Ax=  lm 
Xj  =Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m)  Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


l:\columbus\rptst24\model\SENSXH2.MCD 


Sensitivity  Analysis  of  Effective  Porosity  (25  percent  greater  than  observed  value)  -  Present 

t  '=1460  day 

Ax-  lm 
Xj  =Ax  j 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m)  Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Sensitivity  Analysis  of  Dispersivity  (2  times  less  than  observed  value)  -  Present 


t  =1460  day 

Ax  =1  m 
Xj  =Axj 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Sensitivity  Analysis  of  Dispersivity  (2  times  greater  than  observed  value)  -  Present 


Ax  =1  m 


Xj  =Ax  j 


t  -1460  day 


For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


r  i 


L  A 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m)  Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


1  :\coI  umbus\rptst24\model\SEN  SXD 1 .  MCD 


Sensitivity  Analysis  of  Solute  Decay  Rate  (2  times  less  than  observed  value)  -  Present 


j=0 .1000 
Ax=  lm 


t  -1460  day 


Xj  -Ax  j 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 
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Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m)  Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


Sensitivity  Analysis  of  Solute  Decay  Rate  (2  times  greater  than  observed  value)  -  Present 

t  =1460day 

Ax=lm 
Xj  =Axj 

For  Retarded  Flow  with  Biodegradation  and  a  Decaying  Source  (van  Genuchten  and  Alves,  1982) 


Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m)  Dissolved  BTEX  (mg/L)  Concentration  versus  Distance  (m) 


APPENDIX  D 


COST  ESTIMATE  CALCULATIONS 


L:\SH\24APPNDX.DOC 


Total  Present  Worth  Cost  ($):  $552 .802 


Groundwater  Pump  and  Treat  System 


ternatives  1,  2,  and  3:  Long-Term  Monitoring  and  Institutional  Controls 
'tandard  Rate  Schedule 


Billing 


Billing 

Category 

Cost  Code/(Billing 


Word  Processor 
CADD  Operator 
Technician 
Staff  Level 
Project  Level 
Senior  Level 
Principal 


Category) 


88/(15) 

58/(25) 

42/(50) 

16/(65) 

12/(70) 

10/(80) 

02/(85) 


Install  New 
LTM/POC 
Wells  ($) 


$0 

$188 

$400 

$4,560 

$260 

$85 

$0 


$5,493 


Sampling 

($) 


Total  Labor  (hrs  |  $) 


$0 

8 

$240 

$0 

16 

$752 

$1,200 

10 

$400 

$1,710 

20 

$1,140 

$260 

10 

$650 

$0 

3 

$255 

$0 

0 

$0 

$3,170 

67 

$3,437 

ODCs 


Phone 

Photocopy 

Mail 

Computer 
CAD 
WP 
Travel 
r  Diem 
t.  &  Supplies 


Total  ODCs 


$30 

$20 

$100 

$150 

$0 

$0 

$1,000 

$1,358 

$400 


$3,058 


$0 

$0 

$400 

$0 

$0 

$0 

$2,000 

$780 

$200 


$3,380 


$1,310 


Outside  Services 


LTM/POC  Well  Installation  Costs  * 
Laboratory  Fees  b/ 

Other:  Maintain  Institutional  Controls 


$12,210 

$0 

$0 


10  LTM,  2  qa/qc 


$0 

$4,860 

$0 


$0 

$0 

$5,000 


Total  Outside  Services 


$12,210 


$4,860 


$5,000 


Proposal  Estimate 


Labor 

ODC’s 

Outside  Services 


Total  by  Task 


Task  1 


$5,493 

$3,058 

$12,210 


$20,761 


Task  2 


$3,170 

$3,380 

$4,860 


$11,410 


Task  3 


$9,747 


Total  Labor 
Total  ODCs 
Total  Outside  Services 

Total  Project 

^sk  1:  Install  New  LTM/POC  Wells 
Task  2:  Sampling  per  Event 
Task  3:  Reporting  and  PM  per  Sampling  Event 


$12,100 

$7,748 

$22,070 

$41,918 


COSTING  t.XLS\LTM 


7/15/97X11:18  AM 


Alternative  3:  Groundwater  Extraction  and  Treatment  System 


f 


Standard  Rate  Schedule 


Billing 

Category 

Cost  Code/(Billing  Category) 

Billing 

Rate 

Task 

(hrs) 

ijj 

System  Monitoring/ 
Task  Maintenance 
(hrs)  (weekly)($) 

Task  3 
(hrs) 

Completion 

Report 

($) 

Word  Processor  88/(15) 

$30 

40 

$1,200 

0 

$0 

g 

$240 

CADD  Operator  58/(25) 

$47 

120 

$5,640 

0 

$0 

16 

$752 

Technician  42/(50) 

$40 

260 

$10,400 

400 

$16,000 

16 

$640 

Staff  Level  16/(65) 

$57 

260 

$14,820 

100 

$5,700 

40 

Project  Level  12/(70) 

$65 

120 

$7,800 

40 

$2,600 

24 

Senior  Level  10/(80) 

$85 

10 

$850 

0 

$0 

‘  5 

$425 

Principal  02/(85) 

$97 

2 

$194 

0 

$0 

0 

$0 

Total  Labor  (hrs  |  $) 

■ 

812 

$40,904 

540 

$24,300 

109 

$5,897 

ODCs 

Phone 

$200 

$60 

Photocopy 

$100 

$0 

$50 

Mail 

$100 

$120 

$40 

Computer 

$200 

$0 

$40 

CAD 

$240 

$0 

$60 

WP 

$100 

$0 

$40 

Air  fare/Travel  (per  trip)  ( two  pers.  one  trip) 

$500 

2 

$1,000 

12 

$6,000 

-  EJ 

Vehicle  (per  day)  (14  field,  drill  and  install) 

14 

$770 

36 

$1,980 

. -  Ba 

Per  Diem  (per  day) 

24 

$2,040 

36 

$3,060 

$0 

Eqpt.  &  Supplies 

$1,000 

1 

$1,000 

$500 

SO 

Total  ODCs 

$5,750 

$11,720 

$240  | 

Outside  Services 

_ 

Well  Installation 

$22,600 

$0 

$0 

Soil  Disposal 

$600 

$0 

so  1 

Equipment  Costs 

$46,000 

$0 

$0 

System  Installation 

$37,576 

$0 

$0 

Contingency  (10  %  of  above  services) 

$10,678 

$0 

$0 

Analytical  (initial  3  samp.,  2  per  ninth  plus  QC) 

$300 

3 

$900 

27 

$8,100 

$0 

Other 

$0 

$0 

so| 

Total  Outside  Services 

$118,354 

$8,100 

$0 

Estimate 

1 

Task  1 

Task  2 

Task  3 

Labor 

■ 

$40,904 

$5,897 

ODC’s 

$5,750 

$240 

Outside  Services 

Hi 

$118,354 

$8,100 

$0 

Total  by  Task 

$165,008 

$44,120 

$6,137 

Total  Labor 

$71,101 

Total  ODCs 

$17,710 

Total  Outside  Services 

$126,454 

Total  Project 

■ 

$215,265 

Task  1 :  Groundwater  pump  and  treat  system  design  and  installation  and  report 
Task  2:  Monthly  Site  Time  and  Travel  Costs  (per  year) 


Task  3:  Report  Preparation 


Alternative  2:  Biospar  gin  g/SVE 


Standard  Rate  Schedule 


Billing 

Category 

Cost  Code/(BiIling  Category) 


Word  Processor 
CADD  Operator 
Technician 
Staff  Level 
Project  Level 
Senior  Level 
Principal 


88/(15) 

58/(25) 

42/(50) 

16/(65) 

12/(70) 

10/(80) 

02/(85) 


otal  Labor  (hrs  |  $) 


ODCs 


Phone 

Photocopy 

Mail 

Computer 

CAD 

WP 

at  fare/Travel  (per  trip)  (2  per.,  pilot  &  install) 
Vehicle  (per  day)  (18  days,  pilot  and  install) 

Per  Diem  (per  day) 

Eqpt.  &  Supplies  _ 


otal  ODCs 


Task  1 
(hrs) 


40 

160 

300 

300 

120 

20 

2 


Design  &  Install 
Recovery  System 
(S) 


$1,200 

0 

$0 

8 

$240 

$7,520 

0 

$0 

8 

$376 

$12,000 

400 

$16,000 

16 

$640 

$17,100 

100 

$5,700 

40 

$2,280 

$7,800 

40 

$2,600 

24 

$1,560 

$1,700 

0 

$0 

4 

$340 

$194 

0 

$0 

0 

$0 

Outside  Services 


Well  Installation 
Disposal 
Equipment  Costs 
System  Installation 

Contingency  (10  %  of  above  services) 
Analytical  (pilot  test  8,  2  per  mnth  plus  QC) 
Local  Subcontractor  (maintenance) 

Carbon 


otal  Outside  Services 


$33,125 

$1,200 

$21,000 

$45,620 

$10,094 

$2,400 

$0 

$1,000 


$114,439 


$24,300 


$60 

$0 

$120 

$0 

$0 

$0 

$6,000 

$1,320 

$2,040 

$500 


$10,040 


$0 

$0 

$0 

$0 

$0 

$8,100 

$6,000 

$6,000 


Estimate 


Labor 

ODCs 

Outside  Services 


Task  3 


otal  by  Task 


rotal  Labor 
rotal  ODCs 
fotal  Outside  Services 


$169,443 


$77,250 

$17,770 

$134,539 


fotal  Project 


$229,559 


Task  1:  SVE/Sparge  system  deisgn  and  installation  and  report 
Task  2:  Monthly  Site  Time  and  Travel  Costs  (per  year) 

Task  3:  Report  Preparation 


COSTING  1XLSXSVE 


7/15/97X11:18  AM 


Columbus  AFB  Backup  Calculations 


I  tern  a  fives  1, 2  and  3:  Long-term  Monitoring 


Cost  calculations 

- - - 

Misc  calculations 

Description 

E229 

■329 

Unit  Price 

Subtotal 

Total 

Source  (If  applicable) 

Number  of  LTM  wells: 

Well  Installation 

$ 

11,100 

Number  of  wells: 

8 

Mobilization 

ea 

i 

$ 

2,000 

S 

2,000 

Depth  each: 

20  ft 

Well  Installation 

In  ft 

160 

$ 

50 

s 

8,000 

Soil  Disposal 

drum 

11 

S 

100 

s 

1,100 

Subtotal 

- 

- 

- 

$ 

11,100 

i 

Contingency 

Is 

10% 

$ 

11,100 

$ 

1,110 

$ 

1,110 

I 

TOTAL 

% 

12,210 

COSTINGl  XLS\Backup 


7/15/97\ll:18  AM 


Columbus  AFB  Backup  Calculations 


||AItcmative  2:  Biospa  rging/SVE  System 


|  Cost  calculations  | 

Misc  calculations 

Description 

WES 1 

|  Unit  Price  | 

Subtotal  | 

|  Total  | 

Source  (If  applicable) 

Number  of  vent/sparge  wells: 

Well  Installation 

$ 

33,125 

Number  of  sparge  wells 

5x30  ft 

Mobilization 

ea 

2 

S 

1,500 

$ 

3,000 

Assuming  2  xmobe ,  one  for  pilot  test 

Number  of  SVE  wells: 

7x15  ft 

Well  Installation 

In  ft 

255 

$ 

75 

$ 

19,125 

Assumes  no  surface  completion 

Add.  monitor,  pts. 

ea 

10 

$ 

1,000 

$ 

10,000 

Estimate 

PID  and  misc  equi 

day 

8 

s 

125 

$ 

1,000 

Estimate 

Disposal  Fees 

$ 

UOO 

Soil  Disposal 

Soil  Disposal 

drum 

12 

$ 

100 

$ 

uoo 

Assuming  non-hazadous 

Equipment  Costs 

Trench  Volume/ Area 

Width: 

1  ft 

Equipment  Costs 

$ 

21,000 

Depth: 

3.5  ft 

SVE  blower/syste 

ea 

1 

$ 

10,000 

$ 

10,000 

Includes  skid  mounted  blower  etc. 

Length: 

700  ft 

Sparge  blower 

ea 

1 

$ 

3,000 

$ 

wm 

Mounted  on  SVE  skid 

Volume: 

2,450  cf 

Electronics  &  PLC 

ea 

2 

s 

2,500 

$ 

5,000 

Estimate 

Valves,  gauges,  ho 

Is 

1 

$ 

1,000 

$ 

1,000 

Estimate 

91  cy 

Carbon 

ea 

2 

$ 

1,000 

$ 

2,000 

Assume  2  x  55  gallon  drums  in  series 

Surface  Area: 

700  sf 

78  sy 

System  Installation 

$ 

45,620 

Mob/Demob 

ea 

1 

SI,  500 

$ 

1,500 

Estimate 

Trenching 

cy 

91 

$5.05 

S 

458 

Means  022  254  0050 

Pipe  laying 

In  ft 

700 

SI3.05 

$ 

9,135 

Means  151  701  0550/026686  2800 

Backfill 

cy 

91 

S17.20 

$ 

1,561 

Means  022  204  0600 

Compaction 

cy 

91 

$5.10 

$ 

463 

Means  022  204  0600 

Pavement  Base 

sy 

78 

$5.25 

- 

Means  022  308  0100 

Reseeding 

sy 

78 

$ 

2 

$ 

149 

Means  029  304  0310 

Piping 

if 

700 

$9.30 

$ 

6,510 

Means  151  551  1880 

Mechanical 

man  hr 

40 

s 

39 

S 

1,553 

Means  Q-l  crew 

Electrical 

Is 

1 

$ 

4,000 

$ 

4,000 

Estimate  for  electrician 

Electrical  supply 

Is 

1 

$ 

10,000 

$ 

10,000 

Estimate  to  provide  power  supply 

Slab 

cy 

3 

$97.00 

$ 

291 

Means  033  130  4700 

Building 

Is 

1 

$10,000 

$ 

10,000 

Estimate,  (residential  area) 

Subtotal 

- 

- 

- 

T“ 

100,945 

Contingency 

Is 

10% 

$ 

100,945 

$ 

10,094 

% 

10,094 

TOTAL 

$ 

111,039 

COSTINGl ,  XLS\Baclcup 


7/15/97M  1:18  AM 


|  Columbus  AFB  Backup  Calculations 


[[Alternative  3:  Groundwater  Extraction  System 


|  Cost  calculations  | 

Misc  calculations 

Description 

mimm 

|  Unit  Price  j 

|  Subtotal 

S  Total  1 

Source  (If  applicable) 

Number  of  recovery  wells 

Well  Installation 

$ 

22,600 

8>inch  recovery  wells 

2x40  ft 

Mobilization 

ea 

l 

$ 

2,000 

$ 

2,000 

Assuming  2  xmobe ,  one  for  pilot  test 

Well  Installation 

In  ft 

80 

S 

120 

$ 

9,600 

Includes  well  devel.,  screen,  steel  case. 

Add.  monitor,  pts. 

ea 

5 

$ 

2,000 

$ 

10,000 

Estimate 

PID  and  misc  equi 

day 

8 

$ 

125 

$ 

1,000 

Estimate 

Disposal 

$ 

600 

Soil  Disposal 

Soil  Disposal 

drum 

6 

S 

100 

$ 

600 

Assuming  non-hazadous 

Trench  Volume/Area 

Width: 

1  ft 

Equipment  Costs 

$ 

46,000 

Depth: 

3.5  ft 

Submersible  pump 

.  ea 

2 

s 

2,500 

$ 

5,000 

Estimate 

Length: 

300  ft 

Air  Stripper 

ea 

1 

$ 

35,000 

$ 

35,000 

Estimate,  low  profile  1-75  gpm 

Volume: 

1,050  cf 

Electronics  A  PLC 

ea 

1 

s 

5,000 

$ 

5,000 

Estimate 

Valves,  gauges,  ho 

Is 

1 

$ 

1,000 

$ 

1,000 

Estimate 

39  cy 

Surface  Area: 

300  sf 

33  sy 

System  Installation 

$ 

37,576 

Mob/Demob 

ea 

1 

$1,500 

$ 

1,500 

Estimate 

Trenching 

cy 

39 

$5.05 

$ 

196 

Means  022  254  0050 

Pipe  laying 

In  ft 

300 

$13.05 

$ 

3,915 

Means  151  701  0550/026  686  2800 

Well  vault  boxes 

ea 

2 

$1,200 

$ 

2,400 

Estimate,  concrete  with  spring  cover 

Backfill 

cy 

39 

$17.20 

$ 

669 

Means  022  204  0600 

Compaction 

cy 

39 

$5.10 

$ 

198 

Means  022  204  0600 

Pavement  Base 

sy 

33 

$5.25 

- 

Means  022  308  0100 

Reseeding 

sy 

33 

$ 

2 

$ 

64 

Means  029  304  0310 

Piping 

If 

300 

$9.30 

$ 

2,790 

Means  151  551  1880 

Mechanical 

man  hr 

40 

$ 

39 

$ 

1,553 

Means  Q-l  crew 

Electrical 

Is 

1 

$ 

4,000 

$ 

4,000 

Estimate  for  electrician 

Electrical  supply 

Is 

1 

$ 

10,000 

$ 

10,000 

Estimate  to  provide  power  supply 

Slab 

cy 

3 

$97.00 

$ 

291 

Means  033  130  4700 

Building 

Is 

1 

$10,000 

$ 

10,000 

Estimate,  (needed  for  residen^rea) 

Subtotal 

- 

- 

- 

$ 

106,776 

Contingency 

Is 

10% 

$ 

106,776 

$ 

10,678 

$ 

10,678 

TOTAL 

H 

117,454 

COSTINGl  XLS\Backup 


7/15/97\U:I8  AM 


Company  Name  Address  line  1  Address  line  2  City  State  Zip  Code  DUNS  Number 
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